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CHAPTER I

THE PROBLEM

Introduction

An old Hindu myth suggests that the earth is supported by the
"vast heads and backs" of eight male and eight female elephants, and
when any one of these shakes his body, the whole earth shakes.'*'
About the ground on which these elephants stand, the ancients are not
clear.

However, the inability to produce an airtight case does not

deter man from starting to account for what he sees and thinks about.
It is difficult to justify precisely the development of new
curricular materials, and state clearly the reasons for their genesis.
The annotated articles prepared by the investigator and described
herein, ride on the backs of at least four elephants which the inves
tigator believes stand firm.

These assumptions are:

1.

The teaching of methods and processes of science is an
important goal of high-school science education.

2.

There is a need for developing, and a place for using,
supplementary readings for high-school science.

3.

Some research articles written by scientists can be
read and understood by high-school science students.

4.

Research articles written by scientists may be more
readable and usable by means of appropriate annotations.

1
Williams, Monier, Indian Wisdom. Varanasi -1, India:
Chowkhamba Sanskrit Series Office, 1963, pp. 430-1.

;

The
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The Teaching of the Methods and Processes of Science

For the past several decades scientists and science educators
have emphasized the importance of teaching "scientific method" in
science classes in the K-12 curriculum.

In 1947, Noll, in summariz

ing several reports on the objectives of science teaching wrote:
"The development of competence in the use of the
scientific method of problem-solving and the incul
cation of scientific attitudes transcend in importance
other objectives in science education."
"There have been few points in educational discussion
on which there has been greater agreement than that
of the desirability of teaching the scientific method."2
Brandwein, Watson, and Blackwood2 reported an analysis (in which
they did not describe the procedure) of forty-two syllabi from thirtyseven states for general science, biology, physics, chemistry, earth
science, and physical science courses.

The report stated that the

syllabi all had one common element--the proposed goal of teaching
scientific method.
In recent years major addendum to the concept of scientific
method is that scientific method is not just one fixed sequence of
thinking, or activity.

A discussion by seventy-five scientists from

several countries in a conference at Princeton University in 1947 de
veloped the idea that "there is not scientific method as such; the
■*-Noll, Victor H.
(Chairman). Science Education in American
Schools: Forty-sixth Yearbook of the National Society for the Study of
Education, Part I. Chicago, Illinois: The University of Chicago Press,
1947, p. 20.
2loc. cit., p. 62.
^Brandwein, Paul F . , Watson, Fletcher G . , and Blackwood, Paul E . ,
Teaching High School Science: A Book of Methods. New York: Harcourt,
Brace & World, Inc., 1958, p. 11.
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most vital feature of the scientist's procedure has been merely to do
his utmost with his mind, no holds barred."'*'
Ihde

2

held that the scientific method is much more than a se

quence of steps in problem solving and that it is dangerous to sug
gest that it is the frequently cited sequence.

He points out in

stances xtfhere the sequence has been violated, or where the sequence
cannot even be detected.
Currently most science educators agree that the teaching of

3
scientific methods , or science process, is an important goal of
science education, even though the behaviors one would describe as
scientific method are not necessarily fixed sequences of thought and
action.

However, there is much discussion concerning the optimal

ways in which the behaviors that are part of scientific method can
be taught.

Some science educators believe that students can use

science articles to learn scientific method.

Later, the investi

gator will cite studies which support this view.

^Princeton Bicentennial Conference on the Future of Nuclear
Science, Physical Science and Human Values. Princeton: Princeton
University Press, 1947, p. 144.
2
Ihde, Aaron J . , "Learning the Scientific Method through the
Historical Approach." School Science and Mathematics, LIII (November
1953), 638.
3
During the past four decades the name of the phenomenon called
"scientific method" has changed on a number of occasions. The terms
"critical thinking," "scientific thinking," "reflective thinking,"
"discovery method," "problem-solving skills," and "inquiry method"
have been used, the most recent being "processes of science." How
ever, an analysis of the implications of these terms indicates that
they are nearly synonomous.
In this study the term used will be
"scientific method."
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Supplementary Readings in High School Science

A major study in the value of independent readings in science
was done by Curtis in 1924. ■*" His conclusions based on data from
secondary-science students were that (1) extensive reading adds to
the pupil's achievement in general science, whether this reading is
done entirely apart from any course in general science, or as an in
tegral, or supplemental part of the regular course in general science;
(2) pupils given proper encouragement and access to suitable books
and magazines will read a great amount of scientific literature for
recreation along with their regular schoolwork; and (3) extensive
reading of scientific literature stimulates the desire of some pupils
to

proceed further with their study of science in school.
Because of differences in reading

ability and the variety of

interests of secondary students, most science educators agree that
schools should provide a variety of up-to-date reading material in
addition to student textbooks.

Research Articles and High-School Students"

Scientific papers from professional journals often present the
action, and express the excitement, of science and scientific research

^Curtis, Francis D., A Digest of Investigations in the Teaching
of Science in the Elementary and Secondary School. Philadelphia: P.
Blakiston's Son & Co., 1926, p. 111.
"The term "research article" as used here includes that genre of
article, such as found in the journals Science or Scientific American,
where an investigator presents a summary of technical work on a par
ticular problem.
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better than textbooks and other condensed, or rewritten, materials.
An important study on the use of periodicals by high-school stu
dents was Baume1 1s doctoral dissertation, "The Effects of a Method of
Teaching Secondary School Biology Which Involves the Critical Analy
sis of Research Papers of Scientists on Selected Science Education
Objectives."'''

Baumel maintained:

"An approach to combine the character of science with
its content through the involvement of students with
research papers of scientists appears to have great
potential in teaching science as process. Among the
many rewards to be gained from the student's first
hand contact with original writings are the genuine
excitement in seeing fundamental discoveries through
the eyes of their discoverer, the humanizing enrich
ment in becoming acquainted with the personalities of
great scientists, and the possibility that youngsters
will 'catch' the climate of accuracy, the careful de
tailed work, and the essential honesty of their sci
entific efforts."^
In his study Baumel divided four classes of approximately
thirty-five students each into two experimental and two control
classes.

Following the guidelines of the New York State Biology

Syllabus, Baumel taught the experimental classes by having the stu
dents read and discuss certain research papers of scientists--at the
rate of approximately two papers a week--whereas the control classes
followed the traditional classroom activities based on a biology

Baumel, Howard B . , "The Effects of a Method of Teaching Second
ary School Biology Which Involves the Critical Analysis of Research
Papers of Scientists on Selected Science Education Objectives." Un
published Doctor's dissertation, New York University, New York, 1963,
p. 9.
2
Baumel, Howard B . , "Teaching from Research
Science Teacher. XXXII (April 1965), 29.

Papers."

The
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textbook.

Using as pre- and posttests the Cooperative Biology Test,

the Watson-Glaser Critical Thinking Appraisal, and the Kuder Prefererence Record, the results failed to show statistically significant
differences between the experimental and control groups in mastery of
biology content, ability to think critically, or the expression of
scientific interests.

However, students in the experimental group

indicated, by their responses to a questionnaire, that they found the
reading and analysis of research articles beneficial in several ways.
From observing the nature of the open-ended responses to several
items on the questionnaire, it was evident that many students be
lieved that their conceptions of science and scientists had changed
as well as some aspects of their behavior.
In a similar study with college freshmen titled, "Effects of
Teaching with Science Articles in a College, Physical Science
Course,"'*'

Robinson made the following assumption:
"Popular science articles differ from science text
books not only in style, but also in purposes and in
nature of contents. Consequently, articles should
be superior to textbooks for accomplishing certain
goals of general education in science."2

In his study, 100 students in the experimental group read several
articles from Scientific American instead of material from a textbook
assumed to be generally parallel in content.

One hundred ten students

■^Robinson, Jack H . , "Effects of Teaching with Science Articles
in a College, Physical Science Course." Unpublished Doctor's disser
tation, Harvard University, Cambridge, Massachusetts, 1960.
2

Robinson, Jack H. , "Effects of Teaching with Science Articles."
Science Education. XLVII (February 1963), 74.
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in the control group used only a textbook.

The results failed to

show that there was a significant difference between the mean scores
of students in the two groups on a standard biology achievement test.
To summarize, many science educators believe that teaching
scientific method and the "ways of scientists" are important goals
in secondary education.

Further, many teachers have used science

articles and research papers of scientists as primary or supplement
ary reading material in the classroom.

In all the limited research

located by the investigator, students using science articles, or
research papers, have performed equally well, or better, on standard
achievement measures than students using traditional textbook mater
ials.

Although reliable, generally-accepted instruments designed to

measure knowledge of scientific method, or ability to use scientific
methods, were not used in these studies, all researchers have con
cluded that science articles and research papers can be effectively
used in high-school and college classes to teach scientific method.

Annotating Science Research Articles for High-School Students

The authors of many high-school science textbooks recommend arti
cles from science journals as supplementary reading.

The investigator

has observed in bibliographies in current textbooks that Scientific
American is by far the most frequently cited journal that contains
articles considered suitable for high school students to read.

In

Teaching High School Science: A Book of Methods, Brandwein'*- specifi
cally mentioned Scientific American as a journal suitable for. achieving
'''Brandwein, op. cit. , p. 495.
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certain goals in science teaching.
Hie investigator has examined current high-school textbooks
in the area of biology, and has found that in nearly every one, with
the exception of those designed for low track classes, the authors
recommend certain articles from Scientific American as supplementary
reading for expanding and developing ideas introduced.

In a survey

conducted by the investigator, which is part of this study, in twentysix chemistry and four advanced science classes from eleven high
schools in southwestern Michigan, 64% of the students questioned had
never read a single article in Scientific American, and only 13% had
read more than two articles.

If one assumes, as do the textbook

writers, that Scientific American contains articles that are appropri
ate for high-school science students, one wonders why this journal-readily available in high-school libraries and the personal libraries
of science teachers— is not used more frequently by secondary students.
When students and teachers were asked by the investigator why
Scientific American was not used more frequently, typical responses
were that the articles were too difficult or too technical for begin
ning students to understand.

In several informal discussions with stu

dents, not included as a part of this study, the investigator was told
by many students that articles from Scientific American were too diffi
cult to understand, had too many difficult terms, assumed too much
prior knowledge about basic science, or were too boring.
On the basis of these responses, the investigator decided to
select certain articles from one area of life science, namely, biochem
istry, and prepare marginal annotations for these articles with an aim

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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at making them more readable and understandable for high-school stu
dents.

This procedure will be discussed in the next chapter.

The investigator failed to locate any research that attempted
to define "annotation" or attempted to measure the effects of mar
ginally annotating materials for students to read.

Consequently, as

a result of this dearth of research on materials that are frequently
recommended for the uses mentioned, it was decided to undertake this
s tudy.
The purpose of this study is to (1) construct a set of annotated
articles from Scientific American reprints, and (2) compare, with
specially constructed tests, these articles with their nonannotated
analogues to determine which type of article better achieves certain
objectives.

The effort will be aimed at eliciting answers to these

questions:
1.

What is the relationship between scores on the specially
designed tests when comparing the mean scores of stu
dents reading the annotated articles with those of
students reading the same articles without annotation?

2.

How is the amount of time reported spent reading both
types of articles related to understanding the con
tents of the articles?

3.

Do students prefer reading the annotated articles to
those that are not annotated?

Which students prefer

which articles?

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

How is achievement in science (as measured by grades
received in biology classes) related to understanding
both types of articles?
How is achievement in English (as measured by grades
received in tenth-grade English) related to under
standing both types of articles?
How is previous experience in reading articles from
Scientific American related to understanding both
types of articles?
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CHAPTER II

THE MA T E R I A L S

The purpose of this chapter is to describe how (I) the articles
used in this study were selected from Scientific American and annotated,
(2) special tests were developed to measure student understanding of
these articles,

(3) a student questionnaire was developed to collect

information from students who read the articles used in this study,
and (4) a student-ability classification sheet was designed to identify
students according to their ability.

Selection of the Articles

It was decided arbitrarily that four articles would be selected
from a single discipline, namely, biochemistry.

Those selected were

judged to be of interest to high-school biology students, and relevant
to current biochemical research by the investigator, a former high-school
science teacher, and a research biochemist.

(Jochanan Stenesh, a re

search biochemist and Professor of Chemistry at Western Michigan Uni
versity, served as an advisor to the investigator and is "the biochem
ist" referred to in this study.)

Two of the articles selected dealt

with basic protein chemistry and two with nucleic acid chemistry.
Their citations follow:
R. B. Merrifield, "The Automatic Synthesis of Proteins."
Scientific American, CCXVIII (March 1968), 56-74.
11
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Philip H. Abelson, "Paleobiochemistry."
American, CCXCV (July 1956), 83-92.
M a r s h a l l W. Nirenberg,

"The Genetic Code:

Scientific

II."

Scientific American, CCVIII (March 1963), 80-94.
John Cairns, "The Bacterial Chromosome." Scientific
American, CCXIV (January 1.966), 36-44.

Preparation of the Annotation

Having selected the articles, the next step was to identify the
words, concepts, and techniques in the articles that the biochemist
and the investigator judged could be clarified for beginning highschool students by definitions, illustrations, or other explanatory
aids.

Some examples of words, concepts, and techniques that were

identified appear below:
WORDS:

peptide,

resin,

protein,

particulate.

CONCEPTS:
s u r f a c e - to-volume ratio,
reactive group.

primary structure,

TECHNIQUES:
free-flow electrophoresis, paper chroma
tography, autoradiography.
With these elements thus identified, the investigator prepared a
rough draft of definitions, illustrations, and explanatory aids.
An attempt was made to make the annotation brief enough to be
glossed into the margins of the pages when the 8-1/2 x 11 inch pages
of the articles were mounted on 11 x 15 inch sheets of white paper.
The rough draft was then reviewed by the biochemist.

The annotations

were then successively revised until approved by the biochemist.
Reduced photo copies of the final versions of the annotated
articles appear on the following pages.

The color plates and photographs,

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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as well as the tinted illustrations, however, appear in black and
white.

^
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C—+OHH-»-Nv^

PRIMARY STRUCTURE- As used here,
this refers to the linkage of amino
acidsvia the peptide bond.
The differences amongproteins are
due to differences in the sequence of
the amino acids in the chain. (See
secondary and tertiary bonds in the

AMINO ACID t«l has an nminn iNH.jt and ararlioxyl iCOOH)

— OH

of twounilowith theeliminati

mn
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**lf the diameter doubles, then the radius would alsodouble,
Therefore, according to the formula for the volume of asphere
(V=4/3ifr3), if r doubles, then, since the other variables are
constant, V would become eight times aslarge.

years earlier for use in conventional syn

which had to be rapid and must not give

take plate almost as fast as they

ANHYDROUS- without water.
ESTER- an organiccompound form
by the union of an acid and an ale
If Y represents an organic acid
except for the -COOH group, and
represents an alcohol except for tl
•OH group, then the following rea
under the proper circumstances w
produce an ester;

IYJ-C-OH + jz}~ OH acid
alcohol
when the third amino acid is coupled? It

Note that water isalso formed.
The oxygen in this water comes from
stage; in thesolid phasemethod they are
simply washed freeof solubleimpurities,
the end a mixture consisting of 90 per
cent of the correct peptide and 10 pcr-

-cf'-o w d - c o o are two ways of writing the character
istic ester linkage. Look for this
linkage in *'3'* in the diagramon this
same page.

esult that might not be so easy to scpa-
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important reasons. The availability of

mnlit'culcs as large and complex as
melhod.

\vlu»n. in the late l ‘)5()*s, it .seemedlikely
that the synthesis of a protein was a and complete primary structure (the xe^feasible goat. Insulin was chosen not
only for its size hut alsofor several other

®T,

Sanger at the University of Cam'bridge
(see“The Insulin Molecule,” hv Iv (). P.
Thompson; St iKNTirtc. AMt.uu.AS, May,
complex than a simple peptide such as
bradykinin (.see illustration on this
ily has nearly si:

letnsof side-chain protection. ParticulardisidRde-boti ' .....
acids and a11chain with 30. They
are held together by two interchain di
sulfide bridges, and in addition one of
the chains has an intrachain disulfide
loop. Furthermore, the molecule has a
definite three-dimensional conformation.
Although the X-ray structure has not yet

"INTER''-among, between. In this
case sulfide bonds link together two
separatechains to make the complex
molecule. This bond between the
sulfur atoms on two separate chains
iscalled an interchain disulfide
bridge. (See figure on p. 14 for an
example of this type of bonding.)
'INTRA*'- within, inside. Here the
disulfide bond isbetween two
parts of the samechain, instead of
between separate chains. So,
logically, this bond iscalled an
intrachain disulfide loop.
Disulfide bondingby these two
methods accounts for much of the
changing of linear peptides into
complex protein molecules.

□ E H

is ihown liliove the insulin formula. The 21amino arid tinimwcri*

H H E

3Z 3

units andthefragmentswe

F~
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SEMISYNTHETIC- partly synthetic, partly H
natural. The insulin referred to issemi
synthetic because of the two chains of
the molecule, one made artificially and
the other obtained from natural insulin.
MOBILITY—the rate at which amaterial,
in this casesynthetic insulin, moves
across apaper which has been treated
with solvent. (See note on electro
phoresis on p. 13.)
MYOGLOBIN- a protein molecule in
muscle tissue which issimilar to
hemoglobin and can store oxygen like
hemoglobin.

(.sec illustration hrloto], \

standard biological assay, wind
lower me uwocj sugar enough

synthetic preparations was shown to be
due to low blood sugar rather than to
some nonspecific toxic effect because
the animals recovered rapidly after they
were given glucose. In addition, the synthetie material behaved like insulin in
various physical and chemical tests. For
in papet

themselves, which
tide .synthesis port
rjuite good, but on
are still poor. Impo
regard has
sovannis and his tr
modified

CYTOCHROME C- an iron-containing
protein present in all living cells which
isactive in metabolism.
FERREDOXIN- an iron-containing
protein which isan electron carrier in
the reactions of photosynthesis.

VIRUS COAT PROTEIN—Viruses are made
of protein and nucleic acids. The
protein covers ("coats") the nucleic acid
and sois referred to as a
TOBACCO MOSAIC VIRUS- avirus that
infects tobacco plants. It consists of a
nucleic acid andsome 2000 coat
CATALYST- a molecule, (in living organ
ismsusually an enzyme), which speeds
up aparticular reaction without being
permanently changed itself.

COMBINATION of theA and li rhnlns, nowpurified and In theS-sulfonate form, wd

"SPECIFIC"- A particular enzyme
catalyzes one particular reaction, there
fore, anenzyme isconsidered "specific'
for that reaction. (In some cases an
enzyme may catalyze several reactions,
but most biochemical reactions have
their own specially designed enzymes
to do the job.)
"ACTIVE CENTERS"- the sites on the
enzyme molecules that are involved in
catalytic reactions.
"SEQUENCE"- in this case, the order in
which the amino acids are linked
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PALEOBIOCIIEMISTRY
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Belowisachart of geologic history whichhasbeenadapted from Eicher, Geologic Time, Longwell, Introduction
toPhysical Geology, and Namowitz, Earth Science. Thischart helpsput the geologicperiods ("late Pliocene, Miocene,. .
Devonian") mentionedin the figure on thepreviouspage into perspective.
"Geologic time" runs from thepresent hack toabout 4,500.000,000 yearsago. The dates for the qnnlngic. periods
havebeencalculatedby measuring the decay of certain radioactive atomspresent inrocks. How thisworkshas been
discussedin the notes on carbon 14 method onp. 5. Because thereisa margin of error inusingradioactive dating
methods, geologic time scalescan only approximate the dates of the geologicperiods. Thisalsoaccounts for the
variation in time chartsin different books

ERA

SYSTEM &
PERIOD
QUATERNARY

EPOCH

DISTINCTIVE EVENTS

Recent

develop.
Man appears. Elephants die out in North

Plel"
Pliocene
cenoZ°<c

DATES

HorE"ptn',:To™z°resdevelopGrazing animals thrive Whales, monkeys

Miocene

America.
TERTIARY
Oligocene Ma™aUp,o,,e*. E^anu dPveinp ,n
Eocene

Pr,X “

Paleocene

CRETACEOUS
mes° z0IC

F'%p“

r ls'l,’vclop
elop m* ™ ' —

,s

Flowering plants (invplop, D.no^dic™,.

JURASSIC

"The Age of Dinosaurs.” The first birds develop.

TRIASSIC

First dinosaurs develop Fust primitive

PERMIAN

Cone-bearing n ,

Z2E3> 225,000,000fiBBS

PENNSYLVANIAN

n.-i • ........ . develop.

forests. Abundant insects,

MISSISSIPPIAN

Am

DEVONIAN

First amphihians appear. Earliest forests.

P A L ^ °'C

"abundaiit0Ur*^ ^

^

^

SILURIAN

First land plants and land animals appear.

ORDOVICIAN

Earliest primitive fishes develop.

CAMBRIAN

^

brachiopods, snails, and sponges a:e

No life on land. Simple marine plants, algae,
4,500,000,000 (?)
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THE GENETIC CODE: II
1>v M A R S H A L L \ \ . M R K M I K I U ;
John Knapp It andJochananStenrsl

INTRODUCTORY NOTE
In a beginning study of biology we soon le.
many things in common. All organisms require c
etc. All organisms give off waste products. All i
own power. All reproduce their own kind. All '
simpler materials that do not have these properties.
DIFFERENCES AMONG
ORGANISMS

and break down into

One of the interesting mysteries about living things is that they are
different. A protozoan does not look like a horse, though both perform
similar chemical activities to stay "alive.’’ If we look at animals that more
closely resemble each other, say dogs, we still find even here a multitude of
organisms of every size and shape which are capable of mating and producing
offspring which may look different than either parent.
Even among humans we see great differences in size, weight, skin color,
and intelligence. Human children in many ways resemble their parents, yet
often there are striking contrasts between a child and his parents, or hetween
brothers and sisters.
Looking at the record of fossils in rocks, we also see changes in organisms
with the passage of time. In general, living things seem to have become more
complex as time passed.
What accounts for the changes in organisms? What accounts for the
variety among individuals of the same kind? Why are not all people alikecarbon copies of each other? Why isn't a child built exactly like his parents?
How does a single cell change into a baby? A baby into a man?

RECENT DISCOVERIES

Scientists who study genetics and biochemistry are seeking answers to
these questions. Today, we know that a very complicated series of chemical
reactions brings about these changes. Further, we know that the single cell
(which eventually becomes an adult individual) has all the information that is
necessary to bring about these chemical reactions.
We have discovered that this information is found in complex molecules
in the nucleus of the cell. Only within the past twenty years has it been shown
that long helical (twisted "ladder shaped") molecules named DNA (deoxy
ribonucleic acid) are responsible for directing the activities of the cell.

THE STRUCTURE OF DNA
ACCOUNTS FOR THE
DIFFERENCES
AMONG ORGANISMS

determine more clearly its structure and function. Today, it is believed that
although the DNA of every living organism is made up of similar subunits, that
THE PRECISE WAY THESE SUBUNITS ARE CONNECTED TOGETHER IS
RESPONSIBLE FOR THE DIFFERENCES OF INDIVIDUAL LIVING
ORGANISMS.
To si
tains the "blueprints" of the individual. The DNA molecules
’’boss’’ of all molecular construction within an organism.

TOPIC OF THIS ARTICLE

R eprinted wi t h permission.

(c )1 9 6 3 by S c ientific American.
All

n r 1"

t

rights

—

Of particular interest i a scientists is the discovering of just how the DNA
in a particular cell goes aboi t its building activity. The Genetic Code: // by
Marshall W. Nirenberg deal! largely with this question.
Why go to so much trouble to understand the gt
cell? If scientists can pin down just how DNA works,
recognize certain types of DNA, then we are one step
or curing certain types of hereditary disease. Then, tc
of discovering the unknown. Behind every piece of rr
questioning mind.

reserved.

~
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CELL-FREE- This means that the cel!
walls of certain cells have been carefully
broken and all of the cytoplasm, dis
solved or suspended material, has been
taken out. Great care has been taken
in cell-free systems to make sure
conditions outside the cell are not too
different fromthose inside the cell.
If, for example, the temperature istoo
high, or the pH (acidity) changes too
much, the cell materials in the cell-free
systemwill break up and be destroyed.

in

MESSENGER RNA- See "3" in the
diagramon p. 6 and the explanation
of RNA in the notes on p, 4.
RADIOACTIVE—spontaneously emits
of an atom. Some atoms do this
naturally because their nuclei are un
stable. Other "norma)" atoms can be
made radioactive by various treatments.
Usingcompounds that have been
built up containingcertain specially
supplied radioactive atoms, isan
important research method of science.
"tagged" can readily be traced and
and other devices. The "tagging" of
their characteristic chemical properties
In the casedescribed here, it is
easy to check how much of an ammo
acid (made radioactive) hasbeen used
simply by measuring the radioactivity
of the final solution.

Note thecomparativelysimple equipment andprocedurehere. Man-made
RNA (which resemblesDNA) isusedso that thescientist knowsjust which
basesareat work. After this RNA doesits work of arranging theamino
acids (with oneamino acid "tagged") into aprotein, thisprotein isprecipitated
out of solution. Asuction filter isused tocollect theprotein, after which the
radiation counter measureshowmuch of the taggedaminoacidhasbeen
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r.OMPONKNTS OF
TEMPLATE- "a pattern .... used at
guide for makingsomethingaccurately."
(American Heritage Dictionary)

in
\\ itli two litters
nclc words can In.* lorincd.

RNA {RIBONUCLEIC ACID}-Whereas
DNA isthe genetic material which
directs the activities of a cell, RNA
isthe molecule, or molecules, that
"translates" or carries the directions
fromthe DNA to the parts of the cell
where proteins are made.
This nucleic acid resembles DNA
if you split the "rungs of the ladder"
{or break the bonds that connect the
pairs of bases). Seediagramat the
bottom of p. b.
Messenger RNA and transfer RNA
are two of the several kinds of this
nucleic acid. RNA isdiscussed in more
RIBOSOMES—granules of RNA and
protein in the cytoplasmof every cell,
that are sosmall they can only be seen
through an electron microscope.
Pioteins are made at the ribosomes
(See diagram on p. 6.)

■HIM

....
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^ ADENOSINE TRIPHOSPHATE- (more frequently referred to as"ATP"). aphosphate
The
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DNA DOUBLE !

MESSENGER
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(WWWV

X
0)

RNA STItL’CTL'ltl
Trnti'ftr RNA Un,

pt
umi scoii'talninu 1

i.’1.""'!.?ihV.
1JreKtl k*r' md'(Imn^u'u-V l
Oliver W. Jones
64 POSSIBLE TRIPLETS- With a triplet
of three nitrogen bases, and four
different nitrogen bases, there are 43,
or 4 X 4 X 4 ■ 64 different
possible sequences.

holtnm <>l p.ii»i*s Ill and 11. II list, tin-

I

MESSENGER RNA

USrely heavily upon the concepts
To illustrate howprobability works, supposewe wart to predict, mathematically,
what will happen when we tossacoin. If we flip apenny, the chance is "50-60" (or
"1 out of 2"! that we will get heads. This can be expressed by the decimal, .5. Suppose
we want to know the chance of getting heads twice ina row. With the first toss, the
chance we will get heads is ,5 (as before). The same istrue of the secondtoss. To
calculate the chance of getting heads both times we multiply these two "probabilities"
together:

.5 =
(continued on next page!
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BASE SEQUENCE CALCULATION OF
(8 poitibi llfas)
PROBABILITY

UUU
uuc
UCC
ccc
ecu
cuu
cue
ucu

.7 X .7 X .7 = .3Y 3
■7 X .7 X .3 = ./Y 7
.7X .3X .3--.0fe3
.3 X .3 X .3 --.0 Z 7
.3X .3X .7=.O fe3
.S X .7 X .7 = . W
.3 X .7 X .3 =.0fe3
. 7 X .3 X .7 = .W
t o t a l s 1.000

% OF THIC, TRIPLET
PATTERN IN FINAL
MIXTURE OF
SYNTHETIC RNA
3 Y .3 %
I t . 7%
&.3%
in %
fe .3 &
H.7%>
fe.3%
li.7 %
(00.0%
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UUG
TWO KINDSOFTRANSFER RNA h;
(I,('ti). Our kind <frfn rnonime' tin*

cupahlf (if IraniporliniEli'iicinr

POLYMERS- molecules formed dy
combining two or more identical,
or similar, smaller molecules. In
this case, the polymers are used in
preparing synthetic RNA.
HIGH CODING SPECIFICITY- This
means that one particular word codes
for one particular amino acid. We may
say that a particular triplet code word
is "specific" for the amino acid it

orTwlhtS

CYSTEINE

: RNA polymers containing
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abnormal hcmfiL'lohins

The .Nature of Nk.wnpur RNA
•fc The code letter combinations showi
are all possible combinations of nitrogen
bases if you have a singlet, doublet.
Mathematically, the possibilities c
be shown by taking "4" (the number of
different nitrogen bases in RNA) to the
power which is equal to the number of
bases in the coding unit. For a singlet
code, 41 = 4 possibilities. For a
doublet code, 4^ = 16 possibilities.
For a triplet code, 43 = 64 possibil*
As one can see fromthese calculations,
only atriplet pattern provides enough
words to code for 20 different amino

words are triplets.
The Universality of the Code

SICKLE CELL ANEMIA- a type of anemia
(blood disease) where the red blood cells
look like sickles, instead of like bi-concav

PHENYLALANINE

■POLY UCODES PREFERENTIALLY FORPHENYLALANINE
• REPORTED Bi ONLY ONE LABORATORY; STILL TO BE CONFIRMED
• REQUIRESONLY FIRST OF TWO BASES LISTED
• REQUIRESONLY SECONDOF TWO BASES LISTED
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PHENYLALANINE‘

OLEUCINE

PHENYLALANINE‘
PROLINE*

PHENYLALANIf.

TRYPTOPh
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ENZYMOLOGY- the study of enzyi

The Author
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JOHN KNAPP II, a former Peace Corps volunteer and high school chemistry
and general science teacher, graduated from Wheaton College in 1963 and
earned an M.A.T. in general science from Michigan State University in 1968.
He is presently completing his Ph.D. in science education at Western Michigan
University in Kalamazoo, Michigan.
JOCHANAN STENESH obtained his Ph.D. degree in biochemistry in 1958 from
the University of California at Berkeley. He is professor of chemistry at
Western Michigan University where he is actively engaged in research on
the molecular biology of proteins and nucleic acids.
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INTRODUCTORY NOTE
Since the beginning of time man has wondered about the differences and
similarities among living things. The first man to study heredity seriously was
Gregor Mendel (1822-1884), who developed a way of predicting the appearance
and traits of garden peas.
Since Mendel, geneticists and biochemists have learned a great deal about
how characteristics of living organisms are passed on to their offspring. The genes,
or units of heredity, that carry the information about how future organisms
should be made were shown to be contained in structures called chromosomes,
which are found in the nuclei of all colls.
More recently, genes were shown to be parts of specific large molecules
called DNA (deoxyribonucleic acid). This molecule is composed of deoxvribose
(a sugar), phosphate, and certain small molecules called nucleotide bases.
Having a molecular weight in the millions, or billions, it was very
difficult to determine how the parts of this molecule were put together. At
this stage scientists knew what the gene was made of, but not what it looked
like or how it worked. Many studies were done using techniques like X-ray
diffraction to try to determine how DNA was put together and how it did
In the early 1950's, in what has been called the greatest biological
discovery of the century, James Watson and Francis Crick proposed a
double helix model for DNA that accounted for all the facts then known
about DNA. This model provided geneticists and biochemists with the infor
mation they needed to know in order to begin serious study about just how
DNA works.
Since Watson and Crick's discovery, a certain type of DNA (which is
a double helix) has been shown to be circular, or joined end to end within
the chromosome. The purpose of this paper is to present a theory about
how circular DNA goes about dividing and forming new DNA.

Reprinted with permission.
(cT)1966 by Scientific American.
All rights reserved.
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DNA- abbreviation for deoxyribonucleic
in the chromosomes of the nuclei of
colls which ''directs” the manufacture
of proteins in an organism. By con
trolling the production of proteins
(which serve ascatalysts in the making
of other molecules) we can say that
DNAcontrols, directly or indirectly.

structured DNA.
LABELED- "tagged" for the purpose of
identifying something. In this study
certain radioactive atoms are connect
ed to certain parts of DNA molecules.
These atoms expose filmduring the
process of autoradiography and con
sequently leave a "sketch” of the
molecule.
RADIOACTIVE- the adjective which
describes an atomwhich spontaneous
ly emits radiation (or particles) from
its nucleus. Some atoms do this
naturally because their nuclei are
unstable. Other "normal” atoms
can be made radioactive by various
techniques, one of which is nuclear
bombardment.
AUTORADIOGRAPHS-“self-portraits"
of radioactive sources made by
placing the radioactive material next
to photographic film. The process
of making these pictures iscalled
autoradiography.
DUPLICATED—identically copied from
the original.
Today biochemists andgeneticists
usually use the word replicate, instead
of duplicate, tor this activity of DNA.
Replicate means “to make acopy or
NUCLEOTIDE BASES- important
subunits of DNA. There are four
nucleotide bases- adenine, guanine,
cytosine, and thymine. In the early
1950's Watson and Crick showed
that the structure of DNA was a
spiral double chain, or "twisted
ladder.” The nucleotide bases make
upthe "rungs” of this ladder. The
particular sequence of these rungs
determines what kind of protein is
made. (See diagramin notes on
James D. Watson on this page).
GENES—those parts of achromosome
in the cell nucleus which determine
the hereditary traits.
(The termgene was used long
before scientists knewmuch about
the structure of cells, hence it has
had various shades of meaning asthe
study of "genetics” progressed.
"Gene” isat best a general term.)

480 DIAMETERS-This moans "magni-

AMINO ACIDS- organic compounds

hydrogen (H3) containing two
H3 atoms instead of ordinary

acids. In livingorganisms proteins
function asenzymes, tissue builders,

TRANSLATED- something turned fromont
language into another. Here the language
of nucleic acids (base sequences) isturned
into (or translated) into the language of
proteins (amino acid sequences). In this
fashion a segment of nucleic acid gives
RIBONUCLEIC ACID (RNA)- a molecule
similar in structure to one-half of a DNA
molecule (split down the rungs of the
ladder). RNA first copies the genetic
information of the DNA by aprocess
known as transcription (conversion of
anucleotide sequence of DNA into a
nucleotide sequence of RNA). The RNA
then carries this copied genetic informa
tion from the DNA to the site where
proteins are made. It isthere where the
RNA is "translated" (see above note).
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ANNOTATORS
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Preparation of the Tests

In order to measure student understanding of the articles just
described, the biochemist and the investigator prepared a twelve item,
four-response, multiple-choice test for each article.

Due to the

brevity of the articles, that ranged from six to thirteen pages in
length, the biochemist and the investigator did not attempt to force
the construction of items into pre-determined categories.

However,

items requiring application, synthesis, and analysis were emphasized
whereas items requiring recognition or recall were minimized.

The

items were designed to measure student understanding of the contents
of the articles alone, and not that of the appended annotations.

The

tests were timed, and it was found that twenty minutes were sufficient
for administration.

Copies of the four tests developed for this study

appear on the following pages.
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A Q U IZ O N
T H E A U T O M A T IC S Y N T H E S IS O F P R O T E IN S

D IR E C T IO N S :
D o n o t tu rn over this page u ntil to ld to do so.
T h is is a 2 0 -m in u te tim ed q u iz designed to measure yo u r understanding o f the
article, " T h e A u to m a tic Synthesis o f Proteins" by R. B. M e rrifie ld . Y o u are n o t
expected to answer every item correctly, b u t w o rk as carefu lly and rapidly as possible
to do y o u r best.

Y o u r score is the n um ber o f answers you mark co rrectly.

Please n o te this is an " o p en -b oo k" test.
to the article d uring the test,

If you fin d it necessary,

yo u m ay refer

b u t since this is a tim ed test do n o t spend to o much

tim e on any single item .
D o n o t make any marks on y o u r test.
provided on the answer sheet provided.

W rite y o u r answers w ith th e pencil

M ake y o u r m arks heavy and black.

make a mistake or wish to change an answer,

I f you

be sure to erase y o u r first choice

co m p letely.
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DIRECTIONS: Mark on (he IBM Answer Sheet the number that corresponds with the best answer
to each of the items below. Answer the items according to the ideas discussed in the article.
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1. Scientists have sought to develop automatic synthesis of proteins because this procedure
(1) is faster than conventional methods.
(2) is the only way to produce insulin in the laboratory.
(3) eliminates the need for using puiified amino acids.
(4) almost exactly duplicates protein synthesis in the living cell.

2. The function of the polystyrene beads is to
(1) become part of the protein.
(2) add enough weight to themolecule so itwill remain in placeJuring synthesis.
(3) transport the amino acidsto thesitewherethe protein

is beingsynthesized.

(4) serve as an anchor for the first amino acid in the molecule.

3. “Classical” laboratory synthesis of peptides requires all the following except
(1) amino acfds
(2) “protecting groups”
(3) polystyrene beads
(4) “deprotecting groups”

4. Amino acid X is about to be joined to peptide chain Y of a synthetic protein. In order to do this,
it is necessary to
(1) “deprotect” all the reactive groups of X
(2) “block” all but one group on Y
(3) “deprotect” all reactive groups on X and Y
(4) “block” all reactive groups on X and Y

5. In peptide synthesis a great excess of a particular amino acid is used when that amino acid is
coupled to the peptide chain because
(1) many molecules of the amino acid break down during the synthesis.
(2) this forces the coupling reaction to about 100% completion.
(3) many amino acid molecules are lost through the filter.
(4) many amino acid molecules react with side groups on the peptide chain.

6. Usually in an organic reaction, a 90% yield is considered good, however in solid-phase
synthesis a 90% yield at each step is not worthwhile because
(1) the desired protein would not be synthesized at all.
(2) a shortage of amino acids will lead to gaps in the peptide chain.
(3) the polystyrene beads are inhibited by “waste” products.
(4) it would result in a final mixture of many different proteins.

.

^

J \ ,‘
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7. An important characteristic of the bond between the peptide chain and the polystyrene
bead is that it
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(1) is exactly like the bond formed in the “classical” synthesis of proteins.
(2) can be broken with each filtering and washing.
(3) can not be broken by any of the reagents added until the protein is completed.
(4) protects the reactive side groups of the first amino acid coupled to the polystyrene.
8 . The first protein that biochemists sought to synthesize was insulin because the insulin
molecule
(1) is a small protein molecule.
(2) contains only a few different kinds of amino acids.
(3) does not have any interchain or intrachain di-sulfidc bridges.
(4) does not have a precise 3-dimensional structure.

9. Laboratory biosynthesis of proteins
(1) closely imitates the steps of cellular biosynthesis.
(2) uses a completely different set of reactions than cellular biosynthesis.
(3) relies heavily upon the techniques of “protection” whereas cellular biosynthesis
does not.
(4) employs whatever techniques biochemists find that get the job done.
10. All the following are steps in solid-phase synthesis except
(1) purification of the completed protein
(2) isolation of intermediate peptides
(3) washing away unwanted by-products
(4) protection of reactive groups.

11. The laboratory synthesis described in this paper is called “solid-phase” because
(1) liquids are not used in the reactions.
(2) the insulin molecule exists in the solid state.
(3) an insoluble solid holds the peptide in place.
(4) crystallized protein is the end product.

12. In the living cell the “solid support” for protein synthesis is
(1) the AT P molecule
(2) the ribosome
(3) cytochrome c
(4) the first amino acid in the chain
-T H E E N D -
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1. Perhaps the most surprising idea in this paper is that
(1) the carbon 14 method can tell the age of amino acids.
(2) ancient organisms once contained amino acids.

(3) amino acids can be separated by means of paper chromatography.
(4) amino acids can last for a very long time without breaking down.

2. The source of the amino acids that have been recovered from fossil bones and shells is the
(1) proteins which the bones and shells contained when the animals were alive.
(2) layers of rock in which the bones and shells were deposited.

(3) calcium carbonate fraction of th© bones and shells.
(4) proteins of muscle tissue which dissolved into the shells and bones when the organisms
died.

3. The purpose of using paper chromatography in this experiment was to
(1) color the amino acids so they could be seen.
(2) dissolve the amino acids out of the fossils.
(3) keep the amino acids from breaking down.
(4) separate and identify the amino acids of the fossil.

.

4. Carbon 14 was used in this study to
(1) identify the unstable amino acids.
(2)

date the clam shells.

(3) inventory the number of amino acids still present.
(4) color the amino acids so they would show up on paper chromatograms.

5. The paper chromatograms in the article suggest that
(1)

amino acids of fossil

clams were quite.different

(2)

amino acids of both

ancient and modern clams

are similar.

(3) amino acids of both

ancient and modern clams

are purple andyellow.

(4)

from those ofmodernclams.

proteins of fossil clams primarily contained amino acids that are rare today.

6 . The author briefly mentions analyses done on oil and coal to show that
(1) oil and coal have amino acids similar to modern clams.

|
!

(2) oil and coal contain amino acids which no longer exist in modern time.

j

(3) organic molecules, other than amino acids, have remained intact forlong periods.

|?

(4) data on coal and oil deposits are not reliable.

;
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7. Some comm o n amino acids were not detected in the chromatograms of fossils
because they probably

(1) evolved only recently in geologic time.
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(2) were not originally present in the fossil clams.
(3) have been changed into other amino acids which were detected in the
chromatograms.
(4) are more unstable than the detected amino acids.

8 . Fossil S is widespread both geographically and time-wise throughout the geologic
record. Which of the following specimens of S would probably contain the
most fossil amino acids?
(1) Sj which is 25,000,000 years old
(2) S2 which is 35,000,000 years old
(3) S3 which is 100,000,000 years old
(4) S4 which lived during the Precambrian Era

‘

9. Which of the following specimens of the same age would probably yield the
most fossil amino acids?
(1)

S5,found in highly folded rock deep within theearth

(2)

Sg,found in horizontal beds of black shale

"*

(3) S7 , found in shells whose “hard parts” were composed entirely of calcite.
(4) Sg, found in shale in a region disturbed by past volcanic activity.

10. The author of this article considers analysis of Precambrian organic molecules
to be important because this geologic era
(1) is rich in the total number of organisms preserved.
(2) is rich in the variety of organisms preserved.
(3) may have fossils which contain clues to the origin of life.
(4) hasfossil bones rich in amino acids.

11. Fossil clam R, estimated to be 100.000,000 years old, has been analyzed in the
laboratory and found to contain no amino acids. This probably means that
(1) most of the original amino acids are still “locked-up” inproteins.
(2)

fossil R did not contain

amino acids when it was living.

(3) the originalamino acids have been destroyed.
(4) the missingamino acids have been incorporated into other organisms.

12. The main purpose of this article is to
(1) survey the field of paleobiochemistry.
(2) summarize other people’s work on fossil amino acids.
(3) report the author’s research on fossil amino acids.
(4) explain several techniques for separating fossil amino acids.

-THE E ND-
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1. Throughout history the term “gene” has had several different shades of meaning. In this
article a gene is
(1) an entire D N A molecule.
(2) a triplet sequence of nucleotide bases.
(3) that segment of D N A which contains enough information to produce a protein.
(4) the visible expression of a particular hereditary trait.

2. Of the following, the most accurate description of the sequence of genetic activity from
the gene to its final product is
(1) D N A —

protein — e» messenger R N A

(2) D N A — -v» messenger R N A — >
(3) protein — >

messenger R N A —

(4) messenger R N A —

protein — o

protein
DNA
DNA

3. H o w does knowledge about the D N A of the colon bacillus add to the understanding about
other DN A , such as human D N A ?
(1) It adds little since bacterial D N A bears little resemblance to human DNA.
(2) It adds much since the code is essentially the same for all the species that have been
studied.
(3) It adds little since the great variety of code words makes generalizations between
kinds of animals impossible.
(4) Little can be inferred about human D N A since humans have more chromosomes
than the colon bacillus.

4. If there were only 13 amino acids required to make all proteins, probably scientists would
have first suspected
(1) a singlet code
(2) a doublet code
(3) a triplet code
(4) a quadruplet code

5. The discovery that synthetic R N A containing only uracil made a synthetic protein containing
only one amino acid was important because it
(1) confirmed the theory of the triplet code.
(2) suggested a way to synthesize the D N A chain which served as a template, in this case
poly-adenylic acid.
(3) suggested that a particular amino acid was directed by a particular sequence of bases.
(4) showed that a code word for phenylalanine was a sequence of U ’s.

6. This paper has not presented evidence for the
(1) sequence of bases within a triplet.
(2) base composition of triplets.
(3) triplet composition which codes for the amino acid phenylalanine.
(4) triplet nature of the genetic code.
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7. The experiments described by the author did not involve
(1) the use of whole living organisms.
(2) preparation of “cell-free” extracts.
(3) enzyme preparations from bacterial cells.
(4) the addition of synthetic ribonucleic acid.
8 . According to the author of the article, the genetic code

•-

(1) shows little evidence for “degeneracy.”
(2) has relatively few “nonsense triplets.”
(3) has few applications beyond the colon bacillus at present. ,
(4) can not be studied in “cell-free” systems.

9. If “words” composed of two A ’s and one G (referred to in the article as AG A ) code for
arginine and glutamine, then
(1) the sequence A-A-G could not be a legitimate code word for arginine.
(2) the sequence A-G-A could not possibly code for a third amino acid.
(3) if the sequence A-G-A were demonstrated to code for arginine, the code word for
glutamine must be some other sequence such as A-A-G.
(4) this would conflict with the author’s triplet theory.

10. A segment of D N A with the base sequence G-G-A-T could serve as a template for which
of the following segments of R N A ?
(1) G-G-U-A
(2) C-C-T-A
(3) C-C-U-A
(4) G-G-A-T

11. Triplets containing the bases X, Y, Z and W, Y, Z have been shown to code for the amino
acid M. This “degeneracy”
(1) demonstrates that something other than a triplet is coding this amino acid.
(2) implies a lack of “specificity” in protein construction.
(3) indicates that two words could direct M to a protein building site.
(4) indicates that more than two words could be found to code for M.

12. The main purpose of this article is to
(1) give a first-hand report of the author’s research on the triplet code.
(2) make a case for the theory that adenine, guanine, cytosine, and thymine are “letters”
in the “words” of the code.
(3) summarize information gathered by several people who have studied the genetic code.
(4) outline the function of messenger RNA.

-THE E ND-
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DIRECTIONS: Mark on the lUM Answer Sneer me nurnner mat corresponds with the best answer
to each of the items below. Answer the items according to the ideas discussed in the article.
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(NOTE: hi this test, as well as in the article, the terms "duplication"and “replication"are
used. Both describe the same process. While "duplication ” is the older term - and used more in
the article- “replication” is the term used more today. In this test “duplication" and "replication"
mean the same thing.)
1. The author of the article chose autoradiography to “picture” the D N A because this technique
(1) can make larger pictures than electron microscopy.

(2)

shows all the parts of the D N A molecule.

(3) minimized the breaking up of D N A molecules.
(4) uses radioactive atoms which speed up D N A replication.

2.

A mechanism which explains the unwinding of the double helix of the D N A molecule
(1) was demonstrated by this study.
(2) was suggested by this study.

(3) was already known before the study began.
(4) is considered an unsolvable mystery since D N A has such a complex structure.

3. Tritium was used in this experiment to
(1) cause the D N A to replicate.
(2) make autoradiograph pictures.
(3) help keep the D N A molecule intact.
(4) make D N A replication slow enough for a picture to be taken.

4. What piece of information, if proved to be true, would damage the author’s concept of
an “unwinding machine?”
(1) The D N A of E. coli is not one, but two circular molecules.

(2) If the parent D N A breaks and D N A synthesis still continues.
(3) A molecule of D M A has only 200,000 instead of 300,000 “turns.”
(4) Replication along the circle of D N A occurs at irregular speeds.

5. D N A replication involves
(1) breakdown of the chains and distribution of the fragments among the offspring.

(2)

transmission of intact double helical D N A from one generation to another.

(3) “seniiconservative” duplication whereby each chain serves as a template for new DNA.
(4) only one of the chains.

6. Autoradiographs of D N A are lines of dots rather than solid lines because
(1) the D N A was broken up during the experiment.
(2) only thymine exposed the film.
(3) parts of D N A were too small to be detected.
(4) high magnification frequently results in a “grainy” picture that leaves out detail.
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7. The preparation of D N A for this study used a procedure that
(1) is standard for obtaining bacterial DNA.
74

(2) is specifically designed to avoid D N A breakage.
(3) did not break up the cell wall.
(4) omitted the use of lysozynie or detergent.

8 . The following are facts or concepts that appeared in the article:
A. the “unraveling” of a “circular rope.”
B. D N A is many times longer than the cell which contains it.
C. The generation-time of £’. coli is only about 30 minutes.
D. a “swivel” point travelling along a circular molecule
E. The chains of D N A have opposite polarities
According to the author of the article, which two of these are special problems during the
act of replication?
(1) B and C
(2) A and B

.

(3) B and D
(4) A and E

9. The D N A of E. coii in this experiment differs in form or function from the D N A of ordinary
E. coli in what respect?
(1) The replication time has been shortened.
(2) A base has been modified.
(3) Replication occurs in a closed circle.
(4) The polarities of the chains have been reversed.

10. What structure in the replicating D N A represents the “unwinding machine?”
(1) a tritium atom
(2) the parent molecule of D N A
(3) the first base pair of the daughter D N A
(4) The author does not suggest a specific molecule(s).

‘

11. If human D N A were demonstrated to be linear, and not circular, during replication, this
would probably
(1) invalidate the author’s findings since all D N A must either be circular or linear.
(2) cast serious doubts upon the “swivel” mechanism in the D N A of E. coli.
(3) alter our present theory of the “double helix.”
(4) not change the author’s hypothesis for “unwinding” in the D N A of E. coli.

12. The author’s main purpose in writing this article is to
(1) show that D N A can be replicated in a cell-free system.
(2) challenge the “Double Helix Theory.”
(3) describe D N A replication and postulate a mechanism for this process.
(4) measure the opposite polarities of the two parental chains of the D N A duplex.
- T H E E N D - _________________________________ _________
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Preparation of the Student Questionnaire

In order to collect additional information necessary to answer
the questions posed in this study, and in future studies, a student
questionnaire was prepared by the investigator.

The questionnaire

was designed to collect the following information:
1.

The grades students received in high-school
biology and tenth-grade English.

2.

The interest that students report having in
biology and chemistry, when asked to compare
their interests with those of other students
in their class.

3.

The students' evaluation of
as compared with those of
their class.

4.

The students' evaluations of the teaching ability
of their biology and chemistry teachers.

5.

The time that students report having spent reading
the articles from Scientific American used in
this study.

6.

The extent to which the students report having read
the annotations.

7.

The number of articles in Scientific American that stu
dents read prior to this study.

8.

The desire that students have for reading articles
in Scientific American inthe future.

9.

The type of article, annotated or nonannotated,
that the students prefer to read.

their own abilities
other students in

A copy of the Student Questionnaire appears on the following
page.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

riONNAIRE

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

Preparation of the Student-Ability Classification Sheet

In order to place students into ability groups for making var
ious comparisons, a Student-Ability Classification Sheet was prepared
for the teachers whose classes participated in this study.

On this

sheet the teachers were asked to classify their students, placing
them in quarters--top quarter, second quarter, third quarter, bottom
quarter.

Teachers were free to choose their own criteria for their

decisions, but were encouraged to have the same numbers of students
in each quarter.

For example, if a teacher had sixteen students,

he was instructed to place four students in each quarter.

If he had

eighteen students, he was instructed to place four students in each
of two quarters and five students in each of the other two quarters.
In addition, each teacher was asked to identify, by means of an
asterisk, those students in the top quarter who were in the top ten
percent of their class.

Accordingly, if a teacher had fourteen stu

dents, he was instructed to select one student to be classified in the
top ten percent, and if he had fifteen or sixteen students, he was in
structed to select two students to be in the top ten percent.
A copy of the Student-Ability Classification Sheet that was con
structed for this study is included on the following page.
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STUDENT-ABILITY CLASSIFICATION SHEET
Dear Chemistry Teacher:
Thank you very much for letting your chemistry classes partici-- ■
pate in this study.
It is my understanding, from our previous discussions, that your
students consider this project as "part of their chemistry course" and
will cooperate with me in this study as they do with you in their regu
lar class assignments.
For this study to succeed the students must
read and interact with the articles to the best of their ability. This
does not imply that your students will master the material.
The arti
cles are difficult for the average student and some students are likely
to become confused or discouraged.
Some students, as previous studies
have indicated, may become very interested in their articles and spend
a great deal of time reading them.
This is all right.
The articles are designed to be read INDEPENDENTLY by your stu
dents.
For purposes of this study please discourage students sharing
their articles or reading them together. PLEASE DO NOT DISCUSS ANY OF
THE ARTICLES DURING CLASS, or answer questions which deal with the con
tent of the articles and tests, if you desire, for class use or your
own files.)
Further, I would appreciate any help you can give in keeping the
articles from being marked on or damaged.
They must be used by sev
eral classes. At your discretion, students may take the articles home
to read, only, please do everything you can to help me get all the
articles back when I return.
In the space below (or on an attached sheet) please rank your stu
dents as to your judgment of their ability.
(This need not come from
their "grades".) Classify your students into quarters.
Of those in
the "top quarter" please indicate with an asterisk those you believe
make up the "top 10%".
TEACHER __________________________ _
Top Quarter

2nd. Quarter

CLASS _____________
3rd.Quarter

Bottom Quarter
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CHAPTER III

THE RESEARCH DESIGN

The purpose of this chapter is to indicate how the annotated
articles, and the other materials described in Chapter II, were used
to answer the questions posed in this study.
(1)

The investigator will

report on the population and sample, (2) describe the research

design and the methods used for collecting data, and (3) describe
the methods used to analyze the data.
The data collected in this study consist of scores of students
on the specially constructed achievement tests, the responses of stu
dents on the specially constructed Student Questionnaire, and the
estimates of student ability provided by teachers on the Student
Ability Classification Sheet.

The Population and the Sample

Since the main purpose of this study is to compare scores of stu
dent understanding on two different types of reading material, it was
decided that it was not imperative to select students from a widely
scattered population.

Consequently, it was decided to limit this

study to high schools not more than thirty-five miles from Kalamazoo,
Michigan.
On May 6, 1971, teachers of beginning chemistry classes in four
teen schools within this region were sent letters by this investigator
79

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

80
accompanied by letters of endorsement by Dr. George G. Mallinson,
Dean, The Graduate College, Western Michigan University, describing
the nature of the study and requesting a personal interview with
teachers who wished to discuss the possibility of being included in
the study.

Copies of these letters appear in Appendix A.

Teachers

from eleven of the fourteen schools responded within two weeks, on
a stamped self-addressed postcard that was included with the letters,
requesting an interview with the investigator.

A teacher from a

twelfth school responded too late to be included in the initial series
of interviews, and so did not participate in the study.

The teachers,

some of whom were heads of science departments acting in behalf of
other teachers, who requested interviews were personally visited in
their schools by the investigator during May, 1971.

All the teachers

who were visited agreed to participate in the study.
After initial communications with the teachers, it was decided
to include, in a separate sample, four classes of "advanced chemistry"
or "advanced science" for the purpose of making additional comparisons.
Students in the two advanced science classes all had previously taken
biology, chemistry, and physics.
concurrently taking physics.

In a few cases some students were

The two advanced chemistry classes were

second-year courses in high-school chemistry largely devoted to organic
chemistry.
The final list of participants in this study included 603 highschool students enrolled in classes in beginning chemistry, advanced
chemistry, or advanced science, taught by fifteen teachers in eleven
high schools.

Table I, that follows, indicates the categories into
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which the schools, teachers, and students fall.

TABLE I
PARTICIPATING SCHOOLS, TEACHERS, AND STUDENTS

Population

Numbers of
Schools

Numbers of
Classes

Numbers of
Teachers

Numbers of
Students

10

26

12

556

4

4

4

47

lla

30

15b

603

Regular
Beginning
Chemistry
Advanced

Total

Notes :
a Three of the advanced classes were in schools where regular classes
also participated.
bOne of the teachers of an advanced class also taught a regular
class.

Although the contents of

the science articles chosen for

were more closely allied with subject matter typically taught

this study
in high-

school biology than in high-school chemistry classes, chemistry classes
were chosen for the following reasons:
1.

Nearly all chemistry students have had a year of high-school
biology.

Hence, nearly all high-school chemistry students

have been introduced to biochemistry.

Some high-school

biology students, on the other hand, depending on the course
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materials they use, might not have been introduced to bio
chemistry at the time of this study, while others may have
studied biochemistry earlier in the year, or be in the
midst of a unit dealing with biochemical topics.

Although

chemistry students may have retained less of the details
of their study of biochemistry from a previous biology
class, they were a more uniform population.
2.

For many students, biology is a terminal course in science.
Chemistry students, by electing an additional year of
science beyond biology, are presumably more interested in
science than are typical biology students, and probably
are more interested in reading and using supplementary
materials such as articles from Scientific American.

The Research Design

Distribution of the Science Articles

Since the purpose of this study was to measure certain effects of
reading two different types (annotated and nonannotated) of science ar
ticles, each student was given to read one annotated
article on a different topic without annotation.

article,

In this

andanother
manner,if

one considers the annotated articles to be the "experimental" type
and the same articles without annotation to be the "control" type,
then every participating student contributed data

to both

the

experi

mental and control facets of the study.
The four articles selected from Scientific American for this
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study were labeled as follows:
Article A:

"The Automatic Synthesis of Proteins"

Article B:

"Paleobiochemistry"

Article C:

"The Genetic Code: II"

Article D:

"The Bacterial Chromosome"

These same articles containing the experimental annotation were label
ed A', B 1, C', and D 1 respectively.
The four articles together with their annotated analogues, were
grouped into all possible pairs of articles--such that one annotated
and one nonannotated article appeared in each pair, with the excep
tion that both types of one particular article did not appear in a
pair.

In this fashion it was possible to assemble twelve different

possible combinations of articles.

These combinations are shown in

Table II.
To minimize and randomize the effect that reading one article
might have had on reading and understanding another, the twelve pairs
in Table II were distributed as equally as possible to the students
in each class.

The Procedure

In order to allow for differences in student ability, and to make
the reading of the science articles as non-threatening as possible,
it was decided to permit students to read the articles they received
outside the classroom, as well as in the classroom under supervision.
The procedure of the experiment was as follows:

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

84
TABLE II
ALL POSSIBLE PAIRS OF ANNOTATED AND NONANNOTATED ARTICLES SUCH
THAT A SINGLE ARTICLE DOES NOT APPEAR TWICE IN THE SAME PAIR
(e.g., A A'
is not a legitimate pair.)
Pair No.

Articles Included in the Pair

1

A

B'

2

A

C'

3

A

D'

4

B

A'

5

B

C'

6

B

D'

7

C

A'

8

C

B'

9

C

D'

10

D

A1

11

D

B'

12

D

C'

Two periods were set aside for each class in the study for read
ing the articles and testing.

The periods selected were two days

apart— on Monday and Wednesday, or Tuesday and Thursday— during the
interval October 4 - November 17, 1971
On the first of these two-day periods the investigator spent
approximately fifteen minutes introducing himself to the class, descriving certain aspects of the study, and distributing the appropri
ate pairs of science articles to the students.

The investigator re

corded the names of the students and identifying numbers of the arti
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cles they received.

Privately, the investigator distributed the Stu

dent Ability Classification Sheet to each teacher and explained how
it was to be used.

Certain questions asked by students about the

study and the articles were answered by the investigator.

The stu

dents were told that they were expected to read each article, and be
prepared for brief quizzes on the contents of each--not including the
contents of the annotation--on the second of the two-day periods.

For

the remainder of the period, each student was encouraged to begin
reading either, or both, of the articles he received.

For a complete

description of the procedure followed on the first day see Appendix B.
On the second day with each class, the investigator administered
the appropriate pair of twenty-minute timed tests and the questionnaire
to each student.
during the tests.

Students were permitted to refer to the articles
At the beginning of the testing period the students

were divided arbitrarily into two groups of approximately equal size.
One of these groups took tests on the annotated articles first, while
the other took tests on the nonannotated articles first.

After each

student completed his two tests he filled out the Student Question
naire.

Also during the second day the investigator collected the com

pleted Student Ability Classification Sheets from each teacher.

For

a more detailed description of the activities on the second day see
Appendix B.

Treatment of the Data

The analysis of the data collected for this study is divided
into two parts,

(1) the analysis for ascertaining the validity of
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the four tests developed for this study, and (2) the analysis that
sought answers to the questions posed.
lest Validity.

Every test item was reviewed and criticized by

several high-school students and at least two science educators who
taught science or science education courses in the university, in
addition to the investigator and the biochemist who aided in the de
velopment of the materials for this study.

Items that were revised

were again submitted to the biochemist for review and approval.

To

ascertain that validity of the items, the investigator established
the following requirements that had to be met in order to accept the
validity of the tests:
First, assuming that each test was a valid measure as a whole,
each item on each test should discriminate between those students
scoring high and those scoring low on each test.

Items that did not

so discriminate were dropped from each test and responses to these
items were not to be included in any student's test score.

For this

evaluation the investigator used the ILONG Item Analysis Procedure de
veloped by the Testing Services of Western Michigan University.'*'

In

the ILONG Item Analysis every student taking the tests is assigned to
Upper, Middle, or Lower groups based on two "cut-off” scores.

Minimum

scores to be included in the Upper Group and the Middle Group are,
respectively,
Ky = X 4*(0,616 X p)

and

= X - (0.616 X p)

■^Testing Services Utility Programs, (mimeographed bulletin distri
buted by the Western Michigan University Testing Service), p. 3.
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where X equals the mean of all scores and p equals the standard de
viation of all scores.

This is equivalent to isolating the upper 277=,

and the lower 27% of the scores in a normal distribution.
For an item on the test to be considered valid, it must discrim
inate between the Upper and Lower groups.

That is, when comparing the

Upper Group with the Lower Group, more students in the Upper Group
must select the correct response.

If the Index of Discrimination

equals the percent of the Upper Group selecting the correct response
minus the percent of the Lower Group, then the Index of Discrimination
must be positive (greater than zero and less than 100) for each item
in the test.

See Appendix C for a further description of the WMU

ILONG Item Analysis.
Second, for the specially-developed tests to be considered valid
measures of what the students read in the articles, and not what stu
dents knew previously, students who report on the Student Question
naire that they spent fifteen minutes or more reading a particular
article must score significantly higher than students who reported that
they had not read that article.
Third, for the specially-constructed tests to be considered valid
instruments, students with greater avility and/or experience in highschool science should have higher mean scores than students with les
ser ability and/or experience in high-school science.

Thus, for pur

poses of this study, for the tests to be considered valid, (1) mean
scores of advanced students (as defined previously) who reported
reading the articles must be significantly higher than the mean scores
of regular chemistry students who reported reading the articles, and
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(2)

mean scores of regular chemistry students in the Upper Ability

Quarter who reported reading the articles must score significantly
higher than students in the Bottom Ability Quarter.

Analysis of the Questions Posed in This Study.

In order to com

pare the scores in an effort to answer the questions posed in this
study, the investigator used multiple-"t" tests and reported the re
sults in terms of probabilities of the differences in scores occurring
by chance.

For these analyses the investigator used programs pre

pared by Charles Townsend for the PDP-10 computer at Western Michigan
University.

For assessing the significant differences among numbers

of students who responded to items in certain ways as compared with
random expectancies, the investigator used the chi-square technique.
In some cases the investigator will report the results from visual in
spection of the data.
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CHAPTER IV

THE FINDINGS

The purpose of this chapter is to present the findings of this
study.

The findings include (1) tallies of the

socres on the tests

specially-designed for measuring student understanding

of the con

tents of the articles used in this study, (2) tallies of the responses
on the Student Questionnaire,

(3) data analyses that satisfy the re

quirements established in Chapter III for ascertaining the validity
of the four tests developed for this study, and (4) data analyses
that sought to answer the main questions posed in Chapter I.
The data reported in this chapter were collected from 603 stu
dents from eleven high schools that participated in this study.

Data

from thirty-one other students were not included for one or more of
the following reasons:

The student (1) was absent from school on the

second day of the experiment,

(2) responded in an inappropriate manner

on his Student Questionnaire, or failed to respond to key items needed
for data analysis,

(3) responded in an inappropriate manner on his test

answer sheet, or (4) was excused from class forone reason or

another

on either of the two days of the experiment.

Tallies of Test Scores

A tally of the test scores representing student achievement on

89
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the four tests designed for this study appears in Table III.

Since

students reading both versions of the same article (annotated and
nonannotated) were administered the same test, scores from the same
tests appear in some cases under the heading "Nonannotated Scores"
and in other cases, under "Annotated Scores."

Thus, each score was

tallied in one of two columns depending on the type of article the
student received.

As each test contained twelve items, the range of

possible scores was 0 - 1 2 .

TABLE III
STUDENT SCORES ON ANNOTATED
AND NONANNOTATED TESTS

Nonannotated Scores

Score
0
1
2
3
4
5
6
7
8
9
10
11
12

Students
Percent
Number
4
15
34
63
72
94
84
73
42
54
38
16
14

0.7%
2.5%
5.6%
10.5%
11.9%
15.6%
13.9%
12.1%
7.0%
9.0%
6.3%
2.7%
2.3%

Annotated Scores

Score
0
1
2
3
4
5
6
7
8
9
10
11
12

Students
Percent
Number
3
11
30
72
96
82
94
58
48
47
32
21
9

0.5%
1.8%
5.0%
11.9%
15.9%
13.6%
15.6%
9.6%
8.0%
7.8%
5.3%
3.5%
1.5%
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Tallies of Data Collected
on the Student Questionnaire

Tallies of data collected from responses to the Student Question
naire follow.

The responses will be reported item by item.

Item 1.

My average grade for the year in biology was:

the letter grade.

Circle X if you have not taken biology.)

(Circle
Given

thirteen possible choices, the students responded as below:

Grade
A

Number of
Students

Percent of
Students

107

17.47.

A-

82

13.6%

B+

100

16.6%

B

133

21.1%

B-

44

7.3%

C+

35

5.8%

C

36

6.0%

C-

11

1.8%

D+

4

0.7%

D

3

0.5%

D-

0

0.0%

F

0

0.0%

X

43

7.1%
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Item 2.
was:

My average grade for the year in tenth-grade English

(Circle the letter grade.

Grade
A

Circle X if you did not take English.)

Number of
Students

Percent of
Students

133

22 .1%

A-

96

15.9%

B

106

17.6%

B

110

18.2%

B-

45

7.5%

C

23

3.8%

C

28

4.6%

C-

9

1.5%

D

0

0 .0%

D

6

1.0%

D-

1

0.2%

F

0

0.0%

X

41

6.8%
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Item 3.

Circle the numbers of the responses which best express

your interest in biology and chemistry.

(A few students who asked

by what standard, or with which group, they were to compare their
interests, were told by the investigator to estimate their own
interests as compared with those of other students in the class.)

Biology,

Rating_____

Number of
Students

Percent of
Students

Very interested
Above average
interest

32.5%

Average interest

28.9%

Below average
interest

5.3%

Not interested

11

1.8%

(No response)

12

2.0%
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Number of
Students

Percent of
Students

Very interested
Above average
interest

198

32.8%

Average interest

248

41.1%

Below average
interest

9.0%

Not interested

1.0%

(No response)

0.8%

Item 4.

If you had an opportunity to select another article

from Scientific American on a topic of interest to you, would you
enjoy reading it (if you didn't have to be tested on it)?

Number of
Students

(No

Percent of
Students

Yes

422

70.0%

No

167

27.7%

14

2.37,

response)
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Item 5.

If you had to read another article from Scientific

American which style of paper would you prefer?

Response

Number of
Students

Percent of
Students

The article by
itself (without
any notes in the
margin).

117

19.4%,

The article with
accompanying notes
in the margin.

479

79.4%

7

1.2%

(No response)

Item 6.

How would you rate your teacher as to his overall

ability to teach chemistry to your class?

Response

Number of
Students

Percent of
Students

Very good

218

36.2%

Above average

205

34.0%

Average

136

22.6%

28

4.6%

Poor

7

1.2%

(No response)

9

1.5%

Below average
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Item 7.

How would you rank yourself in ability compared to the

other chemistry students in this class?

Response

Number of
Students

I believe I am in the--

Percent of
Students

Top quarter of my
chemistry class

169

28.07,

Second quarter of
my class

259

43.0%

Third quarter of
my class

120

19.9%

Bottom quarter of
my class

42

7.0%

(No response)

13

2.2%

Item 8.

How would you rate your biology teacher as to his

overall ability to teach biology to your class?

Response

Number of
Students

Percent of
Students

Very good

223

37.0%

Above average

199

33.07,

Average

106

17.6%

Below average

25

4.27c

Poor

10

1.7%

(No response)

40

6.6%
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Item 9.

About how much time did you spend reading the article

that did not have any notes in the margin?

Response
None.
I didn't
read the article

Number of
Students

Percent of
Students

47

7.8%

15 minutes

159

26.4%,

About

30 minutes

209

34.7%,

About

1 hour

149

24.7%,

About

2 hours

27

4.5%

More than 2 hours

3

0.5%,

(No response)

9

1.5%

About

Item 10.

About how much time did you spend reading the article

that did have extra notes in the margin?

Response

Number of
Students

None. I d idn't
read the articles

Percent of
Students

8.5%

About 15 minutes

131

21.7%

About 30 minutes

201

33.3%

About 1 hour

171

28.4%

38

6.3%

About 2 hours
More than 2 hours

6

1.0%

(No response)

5

0.8%
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Item 11.

In the article that had the extra notes in the margin

about what per cent of the notes did you read?

Number of
Students

Percent of
Students

All, or about all, the
notes

240

39.8%

About

75%, of

the notes

108

17.9%

About

50% of the notes

104

17.3%

About

25% of

64

10.6%

None, or very few of the
notes

75

12.4%

(No response)

12

2.0%

Item 12.

the notes

Have you read articles In Scientific American before

this assignment?

Response

Number of
Students

Percent of
Students

No, I have never read
an article in Scientific
American before this ex
periment .
Yes, I have read one or two
previous articles in
Scientific American.
Y e s , I have read more than
two previous articles in
Scientific American
(No response)

13.3%
0.7%
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Item 13.

What suggestions do you have for improving the extra

notes that were in the margins of one of your articles?

A rough

classification of some of the responses, together with several ex
amples of student responses to this question, appear in Appendix D.
In addition to the items listed in the Student Questionnaire,
the investigator tallied the number and percent of respondents
according to sex.

Number of
Students

Percent of
Students

Male

325

53.9%

Female

278

46.1%

The number of students that received each article are listed
below:

Nonannotated Articles

Paper Code

Number of
Students

Percent of
Students

A

158

26.2%

B

153

25.4%

C

148

24.5%

D

144

23.9%
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Annotated Articles

Paper Code

Number of
Students

Percent of
Students

A'

151

25.07o

B

151

25.07,

C'

154

25.5%

D’

147

24.4%

Test Validity

Using the Western Michigan University ILONG Item Analysis, an
index of discrimination was calculated for each item on each test.
As stated in Chapter III, for a test item to be considered usable for
this study, it should discriminate between those students receiving high
test scores and those receiving low on the test of which it is a part
(1•e •, the index of discrimination of each item must be greater than
zero and less than 100).
For every item in every test the index of discrimination was
found to be positive, and consequently all items were used.

The indices

of discrimination for the four tests developed for this study appear
in Table IV.

As indicated in Chapter III, a single test was used to

measure achievement on an annotated article and its nonannotated ana
logue (e.g., the same test was used to measure achievement on articles
A and A 1).
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TABLE IV
INDICES OF DISCRIMINATION FOR TEST ITEMS

Items

Test 1

Test 2

A

A'

B

B'

C

Test 3

Test 4

C'

D

D'

1

59

48

52

47

45

54

46

39

2

60

63

54

43

48

40

65

54

3

61

43

42

32

62

41

69

52

4

34

36

32

22

73

48

50

48

5

61

58

59

41

28

35

64

68

6

42

56

49

54

34

56

40

57

7

73

66

49

53

59

65

74

69

8

42

58

49

51

50

54

50

53

9

31

22

65

59

42

29

27

13

10

56

54

61

49

34

31

34

35

11

69

88

47

65

36

44

25

25

12

46

55

41

47

18

45

38

57

Mean

52

53

50

46

44

45

48

47

The second treatment designed to ascertain validity of the tests
was a comparison of the achievement scores of students who reported
having spent at least fifteen minutes reading the articles with those
who reported they had not read the articles.

For the tests to be

considered a valid measure of what the students learned from the
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articles, and not what they knew previously, the "readers" should
score significantly higher (.05) than the "nonreaders."

For addi

tional comparisons, the investigator classified the readers and non
readers in two ways.

The first dealt with the article that the stu

dent received, the second, the teacher's estimate of the student's
ability.

These comparisons appear in Tables V, VI, VII, and VIII.

With these and all other comparisons that follow, unless indicated
otherwise, "t" values were calculated from the differences between
means, and the probability of these differences occuring by chance.
It was found that the readers scored significantly higher
(.000) than the nonreaders on both types of articles.

When the

readers and nonreaders were further classified according to the
eight articles they received, the readers scored significantly higher
(.05) than the nonreaders on seven articles.

For the two highest

probabilities (.113 for Article C' and .051 for Article A'), if one
redefines a "reader" as one who spent at least thirty minutes reading
an article, then the probabilities drop to .039 and .000 respectively.
When the readers and nonreaders were further classified in quar
ters on the basis of their teachers' estimates of their abilities, the
readers scored significantly higher (.05) than the nonreaders in the
Top, 3rd., and Bottom quarters for the Nonannotated Articles, and the
readers scored significantly higher (.05) than the nonreaders in the
Top and Bottom quarters for the Annotated Articles.

Some of the

wide variabilities in the probabilities of these comparisons may be
attributed to the small numbers of nonreaders included when the
students are divided into small groups.
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COMPARISONS OF SCORES OBTAINED BY READERS WITH
THOSE OF NON-READERS ON THE NONANNOTATED ARTICLES*

Article

Reading
Classification

nonreaders

Number of
Students

Mean

S.D.

15

4.00

2.34

141

5.29

2.55

A
readers

nonreaders

10

6.00

1.90

141

8.21

2.47

12

4.33

1.65

5.23

2.02

B
readers

nonreaders
C
readers

nonreaders

133 '

10

3.90

2.21

132

5.50

2.24

47

4.49

2.21

547

6.08

2.66

D
readers

All non- nonreaders
annotated
Articles readers

Difference Be
tween Means

"t"
Value

df

Probability

-1.29

-1.95

154

.026

-2.21

-3.32

149

.001

-0.90

-1.71

143

.045

-1.60

-2.10

140

.019

-1.57

-4.61

592

.000

Notes: *Ihe total number of students in this table is 594. Nine students were omitted since
they failed to report how much time they spent reading the articles.
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TABLE VI
COMPARISONS OF SCORES OBTAINED BY READERS WITH
THOSE OF NON-READERS ON THE ANNOTATED ARTICLES*

Article

Read ing
Classification

Number of
Students

Mean

S.D.

nonreaders

8

3.88

2.26

readers
nonreaders

140
11

5.33
6.81

2.64
1.64

readers
nonreaders

139
14

8.02

4.64

2.26
1.87

readers
nonreaders

140
18

5.31
3.89

1.99
1.56

128
51

5.06
4.73

2.21
2.12

547

5.95

2.59

A'

B'

C'

D'
readers
All an nonreaders
notated
Articles readers

Difference Be
tween Means

"t"
Value

^If readers

Probability

-1.45

-1.65

146

.05 la

- 1.21

-2.17

148

.016

- .67

- 1.22

152

.113b

-1.17

-2.75

144

.003

- 1.22

-3.81

596

.000

Notes:
*The total number of students in this table is 598. Five students
failed to report how much time they spent reading the articles.
aIf readers
then the revised

df

were omitted since they

are re-defined as students who spent thirty minutes or more reading the
data generates the probability .0 0 0 .

articles,

are re-defined as in a, then the revised data generates the probability .039.

Quarters

Reading
Classification

nonreaders

Number of
Students

Mean

S.D,

13

5.23

2.49

136

7.50

2.46

Top
readers

nonreaders

13

5.08

1.94

144

6.03

2.79

2nd

readers

nonreaders

12

3.42

2.02

138

5.73

2.41

3rd
readers

nonreaders

9

4.00

1.63

129

5.01

2.28

47

4.49

2.21

547

6.08

2.66

Bottom
readers

nonreaders
All
Quarters

readers

Difference Be
tween Means

"t"
Value

df

Probability

-2.27

-3.03

147

.001

- .95

-1.58

155

.058

-2.31

-3.60

148

.000

- 1.01

-1.65

136

.051

-1.57

-4.61

592

.000

105
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COMPARISONS OP SCORES OBTAINED BY READERS IN DIFFERENT ABILITY
QUARTERS WITH THOSE OF NONREADERS ON THE NONANNOTATED ARTICLES

Quarters

Reading
Classification

nonreaders

Number of
Students

Mean

S.D.

12

5.00

2.04

141

6.89

2.73

Top
readers

nonreaders

13

5.54

2.37

144

6.15

2.47

2nd

readers

nonreaders

12

4.42

1.85

138

5.21

2.32

3rd
readers

nonreaders

14

4.00

1.85

124

5.46

2.32

51

4.73

2.12

547

5.95

2.59

Bottom
readers

nonreaders
All
Quarters

readers

Difference Be
tween Means

"t"
Value

df

Probability

-1.89

-2.87

151

.002

- .61

- .85

155

.199

- .79

-1.34

148

.091

-1.46

-2.60

136

.005

- 1.22

-3.81

596

.000

106
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TABLE VIII
COMPARISONS OF SCORES OBTAINED BY READERS IN DIFFERENT ABILITY
QUARTERS WITH THOSE OF NONREADERS ON THE ANNOTATED ARTICLES

107
In addition to the ability of the tests to measure understand
ings of what the student read, the tests, to be considered valid for
this tudy, should not be too difficult for high-school students.

Hence

students with greater ability and/or experience in high-school science
should score significantly higher (.05) than students with lesser
ability and/or experience.

Accordingly, the third treatment de

signed to ascertain validity of the tests was to compare the scores
of "advanced students" with those of "regular chemistry" students.
These comparisons are found in Tables IX and X.

In this series of

comparisons, and all succeeding analyses, the nonreaders are not in
cluded because the purpose of this study is to measure the effects
of reading science articles.
It was found that the advanced students scored significantly
higher (.0 0 0 ) than the regular chemistry students on both types of
articles.

When the students were further classified according to the

eight articles they received, the advanced students scored significantly
higher (.05) than the regular chemistry students on all four of the
nonannotated articles, and on Articles A ’ and D' of the annotated arti
cles.

Again, the wide variability may be partially explained by the

small number of advanced students in each group.
Consistent with the previous series of comparisons, scores of
regular chemistry students in the Top Quarter of ability were compared
with those of the Bottom Quarter.
Tables XI and XII.

These comparisons are found in

It was found that the students in the Top Quarter

scored significantly higher (.000) than those in the Bottom.

When

the students were further classified according to the eight articles
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they read, the Top Quarter scored significantly higher (.01) than
the Bottom Quarter for each of the four nonannotated and each of the
four annotated articles.
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Articles

Student
Classification

Number of
Students

Mean

S.D.

regular^-

129

5.03

2.47

advanced^
regular

14
132

7.36
8.08

2.35
2.47

advanced
regular

11

124

10.09
5.18

2.02

advanced
regular

124

6.17
5.31

1.68
2.21

advanced
regular

509

7.70
5.92

0.90
2.63

advanced

47

7.77

2.22

A

B

D
All non
annotated
Articles

10

"t"
Value

df

Probability

-2.33

-3.39

141

.001

-2.01

-4.14

141

.000

-0.99

-1.84

134

.034

-2.39

-6.65

132

.000

-1.85

-5.29

554

.000

1.38

C
12

Difference Be
tween Means

Notes:
^Students enrolled in the first year of high-school chemistry.
^Students enrolled in a second year of high-school chemistry or advanced science.
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COMPARISONS OF SCORES OBTAINED BY REGULAR CHEMISTRY STUDENTS
WITH THOSE OF ADVANCED STUDENTS ON THE ANNOTATED ARTICLES

Articles

Student
Classification
regular 1

A'
advanced
regular

2

Numbers of
Students

Mean

S.D.

131

5.09

2.47

12

8.00

129

7.90

2.65
2.32

11

B'
advanced
regular

127

8.91
5.25

2.02
2.00

advanced
regular

13
119

5.58
4.86

1.79
2.08

advanced
regular

10

506

7.50
5.79

2.16
2.55

advanced

46

7.50

2.45

C'

D'
All
Annotated
Articles

Difference Be
tween Means

"t"
Value

df

Probability

-2.91

-3.52

141

.000

- 1.01

-1.51

138

.067

- .60

-1.09

138

.139

-2.64

-3.55

127

.000

-1.71

-4.45

550

.000

Students enrolled in the first year of high-school chemistry.
2

Students enrolled in a second year of high-school chemistry or advanced science.

Articles

Quarters
Top

A

B

C

D

All Non
annotated
Articles

Number of
Students

Mean

S.D.

6 .44

2.70
2.42

3rd
Bottom

32
34
31
32

5.09
4.55
4.03

Top
2 nd
3rd
Bottom

33
33
36
30

9.18
8.70
7.69
6.63

2.44

Top
3rd
Bottom

30
35
30
29

6.60
4.83
4.97
4.34

Top
2 nd
3rd
Bottom

32
33
30
29

Top
2 nd
3rd
Bottom

127
135
127

2 nd

120

Difference Between Means of
Top & Bottom

"t"
Value

df

Probability

2.41

4.15

62

.000

2.55

4.40

61

.000

1.96
2.05
1.62
1.65

2.26

4.71

57

.000

6.69
5.24
4.67
4.52

1.84
2.24
1.90
2.13

2.17

4.17

59

.000

7.25
5.94
5.57
4.88

2.45
2.79
2.40
2.26

2.37

7.89

245

.000

2.21

1.76
2.04
2.50
2.11

III
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TABLE XI
COMPARISONS OF SCORES OBTAINED BY STUDENTS IN THE TOP ABILITY QUARTER
WITH THOSE OF THE BOTTOM ABILITY QUARTER ON THE NONANNOTATED ARTICLES

Articles

Quarters

Number of
Students

Mean

S.D.

Difference Be
tween Means of
Top & Bottom

df

Probability

2.64

54

.005

1.8 8

3.19

61

.001

1.80

3.58

65

.000

2.26
1.79
1.58
1.74

2.06

3.86

56

.000

2.73
2.32
2.27
2.50

1.54

4.57

242

.000

A1

Top
2 nd
3rd
Bottom

28
35
40
28

5.92
5.71
4.60
4.18

2.98
2.46
2.19
1.73

1.74

Top
2 nd
3rd
Bottom

26
34
32
37

9.31

B’

7.19
7.43

2.03
1.99
2.04
2.55

C'

Top
2 nd
3rd
Bottom

43
35
25
24

6.30
5.14
4.32
4.50

1.68

Top
3rd
Bottom

31
31
30
27

6.32
4.77
3.97
4.26

Top
2 nd
3rd
Bottom

128
135
127
116

6.84
5.92
5.05
5.30

D1

All
Annotated
Articles

2 nd

8.00

"t"
Va lue

2.34
1.42
1.46

112
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The Main Findings

Data was collected and analyzed to answer the main questions
posed in Chapter I.

However, data provided by the advanced students

are not considered in these and subsequent analyses.

These questions

together with the data related to these answers appear below:
Question 1.

What is the relationship between scores on the

specially-designed tests when comparing; the mean scores of students
reading the annotated articles with those of students reading the
same articles without annotation?
Significant differences

(.05) in student understanding were not

found when the mean scores of the two groups were compared.

When the

students were further classified by ability, those in the third abil
ity quarter who read the nonannotated articles scored significantly
higher (.05) than those in the third ability quarter who read the
annotated articles.

Significant differences were not detected be

tween the two sets of scores in any of the three other ability quarters.
The probability of the difference between means of the significant com
parison having occurred by chance was .039.
other comparisons ranged from .06 to .46.

The probabilities of the
These data appear in Table

XII.
Question 2.

How is the amount of time reported spent reading

both types of articles related to understanding the contents of the
articles?
Significant differences (.05) were not detected between the scores
on the two types of articles when the students were classified accord-
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ing to the time they reported having spent reading the articles.
The probabilities of the differences between means having occurred by
chance ranged from .058 to .248.
Question 3.

These data appear in Table XIV.

Do students prefer reading the annotated articles

to those that are not annotated?
Of the 603 students who responded to the Student Questionnaire,
479 indicated that they preferred the annotated articles, whereas 117
indicated that they preferred the articles without annotation.

Ex

cluding the nonreaders, the advanced students, and those students
who reported that they read only one of the two articles they re
ceived, of the 461 students remaining, 373 indicated that they pre
ferred the annotated articles whereas 88 preferred the nonannotated
ones.
It was found, using the chi-square technique, that the students
significantly (.0 0 1 ) preferred to read the annotated articles to
those without annotation.

When the students were further classified

in quarters according to ability, those in each quarter significantly
(.001) preferred to read the annotated articles.

The preferences ex

pressed by students appear in Table XV.
To analyze student preference still further, the numbers of
students preferring the annotated articles in each quarter were com
pared with the students as a whole who preferred the annotated arti
cles.

The comparison was made with a binomial testing model developed

by Dr. Michael Stoline of the Western Michigan University Computer
Center.

It was found that students in the Bottom Ability Quarter
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TABLE XIII
COMPARISONS OF SCORES OBTAINED BY STUDENTS ON THE NONANNOTATED ARTICLES WITH THOSE OF
STUDENTS ON THE ANNOTATED ARTICLES WHEN STUDENTS ARE CLASSIFIED BY ARTICLE READ AND ABILITY

Sets of
Articles

Set
I

Set
II

Set
III

Article
A
A'
A
A'
A
A'
A
A'
B
B'
B
B'
B
B'
B
B’
C
C'
c
C'
C
C'
c
C1

Quarter
TOP
2nd

3rd
BOTTOM
TOP
2nd

3rd
BOTTOM
TOP
2 nd

3rd
BOTTOM

Number of
Students
32
28
34
35
31
40
32
28
33
26
33
34
36
32
30
37
30
43
35
35
30
25
29
24

Mean

S.D.

6.44
5.93
5.09
5.71
4.55
4.60
4.03
4.18
9.18
9.31
8.70

2.70
2.98
2.42
2.42

8.00

7.69
7.19
6.63
7.43
6.60
6.30
4.83
5.14
4.97
4.32
4.34
4.50

Difference Be
tween Means

"t" Value

2.11

2.04
2.44
2.55
1.96
2.34
2.05
1.42
1.62
1.46
1.65
1.68

Probability
.250

4 .52

4 .68

58

- .62

-1.05

67

.149

- .05

- .10

69

.460

2.21

2.19
1.76
1.73
2.04
2.03
2.50
1.99

df

- .15

- .32

58

.375

- .13

- .23

57

.410

4 .70

41.24

65

.110

+ .50

4 .99

66

.163

- .80

-1.29

65

.101

+ .30

4 .58

71

.282

- .31

- .74

68

.231

4 .65

41.53

53

.066

- .16

- .33

51

.371

116
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COMPARISONS OF SCORES ON BOTH ANNOTATED AND NONANNOTATED ARTICLES WHEN
STUDENTS ARE CLASSIFIED BY TIME REPORTED SPENT READING THE ARTICLES

Reported
Time Spent
Reading

type of
Articles

Number of
Students

Mean

S.D.

Nonannotated

47

4.49

2.21

Annotated

50

4.80

2.08

None

Nonannotated

151

5.78

2.71

About
15 min.

Annotated

124

5.41

2.76

Nonannotated

188

6.22

2.64

About
30 min.

Annotated

177

5.80

2.42

Nonannotated

132

5.92

2.43

About
1 hour

Annotated

160

6 .11

2.47

Nonannotated

29

4.76

2.75

2 hours
or more

Annotated

40

5.80

2.69

Difference Be
tween Means

"t" Value

df

Probability

- .31

- .70

95

.243

+ .38

+ 1.11

273

.134

+ .42

+ 1.59

363

.056

- 19

- .68

290

.249

-1.04

-1.58

67

.064
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TABLE XV
ARTICLE PREFERENCE EXPRESSED BY STUDENTS CLASSIFIED BY ABILITY QUARTER

Ability
Quarter

Number of
Students in
Quarter

Students Who Preferred
Nonannotated Articles
Percent
Number

Students Who Preferred
Annotated Articles
Number
Percent

Top

113

22

19.5%

91

80.5%

2 nd

121

24

19.8%

97

80.2%

3rd

117

26

2 2 .2 %

91

78.8%

Bottom

110

16

14.4%

94

85.5%

All
Quarters

461

88

19.1%

373

80.9%

significantly (.0 2 ) preferred the annotated articles as compared with
the group as a whole.

Significant differences were not detected when

each of the other quarters was compared to the whole group.

This

analysis appears in Table XVI.
Question 4.

How is achievement in science (as measured by

grades received in biology classes) related to understanding both
types of articles?
Using the grades the students reported having received in biol
ogy on the Student Questionnaire, the investigator grouped the thir
teen possible responses into four categories--"high," "middle," "low,"
and "didn't take biology" according to the criteria in Table XV.
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TABLE XVI
COMPARISONS OF NUMBERS OF STUDENTS IN EACH QUARTER
PREFERRING THE ANNOTATED ARTICLES WITH THE AVERAGE
OF ALL STUDENTS PREFERRING ANNOTATED ARTICLES

Quarter

1 (top)
2

ni

xi

113

91
97
91
94
373

121

3
4 (bottom)
All Quarters

117
110

461

Estimate
of

.805
.802
.788
.855
.809

z^ score

-0.196
-0.389
-1.63
+2.34*

significant at .02 level.
NOTES:

To obtain the z^ scores the following relationship was assumed:
njPjt n 2P2 + n 3P3 *

where n for i = 1,2,3, and 4 equals the number of students in a quarter;
n = q + n 2 t n 3 ■( 0 4 ;
for x]_, X 2 , X 3 , and X 4 equals the number of
students in each quarter who preferred the annotated articles; p^ equals
the proportion of the population in each quarter which preferred the
annotated articles; p was considered to be the "average population" of
all students who preferred the annotated articles; z-^ was considered to
be equal to
(x-, + x, + x 3 + x, )

4

z^ was used to test the null hypothesis, HQ : p-^ = p, against the al
ternative hypothesis, H-^ : p-^ 4- p. It can be shown that z^ for i = 1,
2, 3, and 4 has an approximate standardized unit normal distribution when
H 0 is true. Hence the normal tables are used to test the above hypotheses.
This analysis was developed by Dr. Michael Stoline of the Western
Michigan University Computer Center.
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Grade Reported Having
Received in Biology

Category
"high"

A and A-

"middle"

B+ and B

"low"

B- through F

"didn't take biology"

X (as instructed on the
questionnaire)

Using these categories, two sets of comparisons were made.
First, the scores of the "high" students were compared with those of
the "middle" students, and the scores of the "middle" students were
compared with those of the "low" students for each of the two types
of articles.

The results indicated that the high students scored

significantly higher (.0 1 ) than the middle students, und the middle
students scored significantly higher (.05) than the low students
for both types of articles.

The few students who reported that they

had not taken biology scored lower than the high students, but higher
than middle students.

The data for this analysis appear in Table

XVII.
Secondly, the investigator classified the students in the grade
categories according to the type of article read and tested for sig
nificant differences between the scores they obtained on the tests.
The investigator failed to detect any significant differences (.05)
between the mean scores on the tests for the two types of articles
for any grade category.

The data from this analysis appear in Table

XVIII.
Question 5.

How is achievement in English (as measured by
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Type of
Article

Biology
Grade

High

160

6.64

2.73

Non
annotated
Articles

Middle

197

5.72

2.45

Low
Didn't take
Biology
Total

Anno
tated
Articles

Number of
Students

Mean

S.D,

5.15

2.40

35

6.40

3.02

509

5.92

2.63

117

High

155

6.39

2.67

Middle

195

5.77

2.53

Low
Didn't take
Biology
Total

118

5,02

Difference Be
tween Means

"t" Value

df

Probability

- .92

-3.34

355

.001

- .57

-2.01

312

.023

- .62

-2.22

348

.014

- .74

-2.72

311

.003

2.25

38

5.87

2.38

506

5.79

2.55

121

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

TABLE XVII
COMPARISONS OF SCORES WHEN STUDENTS ARE CLASSIFIED BY BIOLOGY GRADES

Biology
Grade

Type of
Article

Number of
Students

Mean

S.D.

Nonannotated

160

6.64

2.73

Annotated

155

6.39

2.67

Nonannotated

197

5.72

2.45

Annotated

195

5.76

2.53

High

Middle

Nonannotated

117

5.15

2.40

Annotated

118

5.02

2.25

Low

Did
Not
Take
Biology

Nonannotated

35

6.40

3.02

Annotated

38

5.87

2.38

Nonannotated

509

5.92

2.63

Annotated

506

5.79

2.55

Total

Difference Be
tween Means

"t" Value

df

Probability

+ .25

+ .82

313

.206

- .04

- .21

390

.470

4 .13

+ .42

233

.337

+ .53

+ .82

71

.208

4 .13

4 .80

1013

.220

122
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TABLE XVIII
COMPARISONS OF SCORES WHEN STUDENTS ARE CLASSIFIED
BY BIOLOGY GRADE AND TYPE OF ARTICLE READ

123
grades in tenth-grade English) related to understanding both types of
articles?
The investigator followed the same procedure used in Question 4
to answer this question.

The English grades that the students re

ported having received were categorized in the same manner as were
the biology grades, and the same types of comparisons were made.

It

was found that for both types of articles the high students scored
significantly higher (.01) than the middle students.

However, the

investigator failed to detect significant differences (.05) between
the middle students and the low students.

The data for this analy

sis appear in Table XIX.
When the students in the grade categories were classified by
type of article read, the investigator failed to detect any significant
differences (.05) between scores on the two types of articles.

The

data for these comparisons appear in Table XX.
Question 6 .

How is previous experience in reading articles

from Scientific American related to understanding both types of arti
cles?
Using data from Item 12 of the Student Questionnaire, the stu
dents were divided into three groups:

those who (1 ) never previously

read an article from Scientific American. (2) read previously one or
articles from Scientific American, and (3) read previously more than
two articles from Scientific American.
For this analysis the investigator used the same procedure as
in the two previous questions.

For both types of articles signifi
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cant differences (.05) were not detected between the scores of stu
dents who reported that they had never read an article from Scienti
fic American and those who reported that they had read one or two
articles.

The data for these comparisons appear in Table XXI.

When the students in the reading experience groups were classi
fied by the type of article read, the investigator failed to detect
any significant differences (.05) between the scores on the two types
of articles.

The data for these comparisons appear in Table XXII.
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TABLE XIX
COMPARISONS OF SCORES WHEN STUDENTS ARE
CLASSIFIED BY TENTH-GRADE ENGLISH GRADES

Type of
Article

Non
anno
tated
Arti
cles

Anno
tated
Arti
cles

English
Grade

Number of
Students

Mean

S.D.

High

199

6.35

2.65

Middle

187

5.62

2.56

Low

86

5.37

2.35

Didn't take
English

37

6.46

2.99

Total

509

5.92

2.63

High

200

6.30

2.55

Middle

184

5.39

2.49

Low

84

5.19

2.54

Didn't take
English

38

6.39

2.25

506

5.79

2.55

Total

Difference Be
tween Means

"t" Value

df

Probability

+ .73

f 2.72

384

.003

+ .25

+ .78

271

.218

-

-

-

-

+ .91

+3.57

382

.002

+ .20

+ .59

266

.278

-

-

-

-
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TABLE xx
COMPARISONS OF SCORES WHEN STUDENTS ARE CLASSIFIED
BY ENGLISH GRADE AND TYPE OF ARTICLE READ

English
Grade

Type of
Article

Number of
Students

Mean

S.D.

Nonannotated

199

6.35

2.65

Annotated

200

6.30

2.55

Nonannotated

187

5.62

2.58

Annotated

184

5.39

2.49

High

Middle

Nonannotated

86

5.37

2.35

Annotated

84

5.19

2.54

Nonannotated

37

6.46

2.99

Annotated

38

6.39

2.25

Nonannotated

509

5.92

2.63

Annotated

506

5.79

2.55

Low

Did
Not
Take
English

Total

I

Difference Be
tween Means

"t" Value

df

Probability

4 .05

+ .16

397

.437

4 .23

4 .89

369

.187

4 .18

4 .48

168

.316

+

.07

4 .10

73

.460

+ .13

+ .80

1013

.212
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TABLE XXI
COMPARISONS OF SCORES WHEN STUDENTS ARE CLASSIFIED BY READING EXPERIENCE

Type of
Article

Non
anno
tated
Arti
cles

Anno
tated
Arti
cles

Reading Experience

Number of
Students

"Never previously"

345

5.79

2.62

"1 or 2 previously"

114

5.91

2.33

"More than 2 pre
viously"

Mean

S.D.

46

6.83

3.23

Total

505

5.91

2.64

"Never previously"

34*

5.66

2.47

"1 or 2 previously"

113

5.86

2.62

"More than 2 pre
viously"
Total

43

6.72

2.89

502

5.80

2.56

Difference Be "t"
tween Means
Value

df

Probability

- .12

- .49

457

.312

- .92

-1.73

158

.043

- .20

- .71

457

.239

- .86

-1.69

154

.047

Reading
Experience

Value

df

Probability

2.62

345

258

previously'
Annotated

5.66

114
previously"

225

3.23
.437
2 pre-

6.72

viously"
505

5.91

2.64

502

5.80

2.56

+ .70

1005

,242

128
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TABLE XXII
COMPARISONS OF SCORES WHEN STUDENTS ARE CLASSIFIED

CHAPTER V

SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

Introduction

Many science educators believe that articles from science jour
nals can be used effectively for achieving the knowledge and in
quiry objectives commonly accepted for courses in high-school science.
Among the journals suggested, Scientific American is most frequently
recommended by writers of current high-school biology textbooks for
supplementary readings.

Yet, in a survey conducted by this investi

gator of 603 chemistry and advanced science students from eleven high
schools in southwestern Michigan, only 13% of the students had read
more than two articles in Scientific American.

When students and

teachers were interviewed, the most common reason cited why articles
from Scientific American were not read more often was that the arti
cles were too technical or too difficult.
Assuming Scientific American to be a useful vehicle to achieve
certain objectives in high-school science, the investigator selected
articles from Scientific American and through annotation, attempted
to make the articles more readable, and more usable.

129
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The Problem

The purpose of this study was to (1) construct a set of four
annotated articles on biochemistry selected from Scientific American,
and (2) compare, by means of specially-designed tests, these articles
with their nonannotated analogues to determine which of the two
types leads to greater understanding of the contents of the latter.
This study was aimed at eliciting answers to these questions:
(1)

What is the relationship between scores on the specially-designed

tests when comparing the mean scores of students reading the annota
ted articles with those of students reading the same articles with
out annotation?

(2) How is the amount of time reported spent read

ing both types of articles related to understanding the contents of
the articles?

(3) Do students prefer reading the annotated articles

to those that are not annotated?
cles?

Which students prefer which arti

(4) How is achievement in science (as measured by grades re

ceived in biology classes) related to understanding both types of
articles?

(5) How is achievement in English (as measured by grades

received in tenth-grade English) related to understanding both types
of articles?

and (6) How is previous experience in reading articles

from Scientific American related to understanding both types of arti
cles?

The Method

)

For this study the investigator selected 603 high-school stu
dents enrolled in classes of beginning chemistry, advanced chemistry,
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and advanced science, taught by fifteen teachers in eleven high
schools in southwestern Michigan.
On the first day of a two-day experimental period each student
received two different articles to read, one annotated and one not
annotated.

The students were encouraged to read the articles they re

ceived in class during the first day of the two-day period, and out
side class after the first day.

Two days later, on the second day of

the two-day period, each student was tested on specially constructed
tests designed to measure understanding of the contents of the arti
cles he read (not including the contents of the annotations).

Each

student also completed a questionnaire designed to elicit certain
opinions and factual information.

The teacher of each class com

pleted a Student Ability Classification Sheet designed to classify
students in quarters according to the teacher's conception of their
abilities in science.

The Findings

Insofar as the techniques in this study are valid, the follow
ing findings may be accepted:
1.

A significant difference (.05) was not detected between

the mean student achievement scores on the specially-designed tests
of the students who read the annotated articles and those of the stu
dents who read the same articles without annotation.
2.

An analysis was made of the test scores after classifying the

students according to the time they reported having spent reading the
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articles.

The time classifications were 0 rain., 15 min., 30 min.,

1 h r . , 2 h r . , and more than 2 hr.Although scores on
generally tended to increase with

the tests

the amounts of time students

claimed to have spent reading the articles, significant differences
(.05) were not evident between the mean test scores of students
reading the annotated articles and those of students reading the
same articles without annotation.
3.

When students were asked

the type of article they would

prefer reading if given another, the responses indicated a prefer
ence for the annotated type by a ratio of more than four-to-one.
When the preferences of students in the Bottom Ability Quarter were
compared with those of the entire sample, it was found that signi
ficantly (.02) more of the bottom ability students preferred the
annotated type.
4.

In another analysis the scores obtained on both types of

articles were compared when the students were classified according
to their grades in high-school biology.

The biology grades were

classified into three groups--low, middle, and high.

The mean score

of each of these groups was found to be significantly (.05) higher
than that of the preceding group.

The few students who reported that

they had not taken biology scored lower than the high group, but
higher than the middle group on both types of articles.

However,

many of the students who had not taken biology were high-ability stu
dents who had not elected the regular tenth-grade course in biology,
or had taken courses in biology or life science in the ninth grade.
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When students were classified according to the type of article
read, significant differences (.05) were not found between the scores
of the students with the same rank in achievement in the four groups
(low, middle, high, and "didn't take biology").
5.

In a similar analysis, the scores obtained on both types

of articles were compared when the students were classified accord
ing to grades they received in tenth-grade English.

The English

grades were classified into three groups--low, middle, and high.
The mean scores for the high groups were found to be significantly
higher (.05) than those of the middle group.

However, no significant

difference was detected between the mean scores of the middle and
low groups.
When classified according to type of article read, significant
differences

(.05) were not found between the scores of students with

the same rank in achievement in the four groups (low, middle, high,
and "didn't take tenth-grade English").
For

both the annotated and nonannotated scores, students

who reported

6.

they had read more than two articles from Scientific

American previous to this study scored significantly higher (.05)
than those who reported they had read one or two articles.

Signi

ficant differences (.05) were not detected between the scores of
students who reported they had read only one or two articles and those
who reported

they had never read an article in Scientific American.
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Conclusions

Insofar as the findings in this study may be accepted, the
following conclusions seem defensible:

Questionnaire data:

1.

Most students in high-school chemistry are not, and have

not been, readers of articles in Scientific American despite many
explicit and implied recommendations to use this journal.

The

authors of nearly every current textbook in high-school biology and
several science educators who have demonstrated the usefulness of
science journals for achieving certain goals, claim that Scientific
American contains articles useful to, and appropriate for, highschool biology students.

However, only 13% of the sample surveyed

had read more than two articles in Scientific American.
2.

Many high-school students, after being exposed to the arti

cles used in this study, expressed a willingness to read articles
from Scientific American in the future.

Seventy percent of all stu

dents surveyed responded that they would be willing to read more
articles from Scientific American after being confronted with the
reading and testing of this study.

Considering the possibility that

some students might have been threatened by this study because some
may (1) not be particularly interested in biochemistry, or (2) have
forgotten much of the detail of their earlier study of topics in
biochemistry, or (3) have been frustrated by the time limitation of
this study, the actual percent of those willing to read more articles
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might be even higher.
3.

After using the materials of this study, the students pre

ferred reading the annotated articles to the same articles without
annotation by a margin of more than four-to-one.

Test validity:

The four tests designed for this study were considered valid
measures of student understanding of the four articles selected
from Scientific American and their annotated analogues for these
reasons:
1.

A research biochemist judged the final version of each

item in each test as a valid measure of understanding the contents
of the article for which the test was designed.

Further, each item

on each test was reviewed by at least two science educators who
taught science or science education courses in the university.
Items were revised where necessary.
2.

Every item in every test discriminated between students

scoring high and those scoring low on each test (i.jj., each item had
a positive Index of Discrimination).
3.

Each test, when used with both types of articles to measure

student achievement, discriminated between students who reported
reading the articles and those who reported they hadn't read the
articles.

Students who reported spending at least fifteen minutes

reading a particular article scored significantly higher (.05) than
those who reported they had not read the article.
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4.

The tests were not so difficult that they failed to dis

criminate between students with greater ability and/or experience
in science and those with lesser ability and/or experience.

For

both types of articles, when the scores of the advanced students
were compared with those of regular chemistry students, the former
scored significantly higher (.001) than the latter.

Also, in a

similar comparison with regular chemistry students, those in the
Top Ability Quarter scored significantly higher (.001) than those
in the Bottom Ability Quarter.

The main findings:

The following conclusions may be drawn from the main findings:
1.

There was no evidence that the addition of annotations

to the articles selected from Scientific American contributed to
significantly higher (.05) scores on the tests designed to measure
understanding of the contents of these articles, although the stu
dents generally preferred the annotated articles.

The failure of

the presence of annotation to lead the students to greater under
standing of the contents of the articles may be attributed to one or
more of the following:
(1) The students may not have needed to understand
the words, concepts, and techniques that were de
fined or explained by the annotation in order to
understand the contents of the articles.
(2) The annotation may have been too difficult to
lead the students to greater understandings.
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(3) The format or style of the annotation may
have discouraged the students from reading and
understanding it.
However, it is recognized by this investigator that the failure to
detect significant difference may be attributed to one or more
possible shortcomings in this study:
(1) The tests may not have adequately measured
understanding of the contents of the articles.
(2) Some students may not have studied the articles
as seriously as they would have if these articles
were a regular part of the science curriculum, and
not a special class activity.
(3) Students, with limited time for this study,
may have spent too much of that time reading the
annotation, and consequently read more of the con
tents of the nonannotated articles than the con
tents of the annotated articles.
In short, it appears that some feature, or features, of the
annotated articles made them more appealing, in spite of their
larger size and greater volume of written material, than the articles
without annotation.

In replies to the open-ended item on the Student

Questionnaire (Item 13) which sought feedback about the articles,
the annotation, and the study itself, many students responded that
they thought the annotations were helpful in one way or another.
But,from the fragmentary responses

to this item, the precise

reasons

for the preference of the annotated articles cannot be ascertained.
In lieu of other explanations the investigator suggests that the
annotations, whether used to any great extent or not, made the anno
tated articles less threatening than the articles without annotations.
The student who may believe that articles from Scientific American
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are too difficult to understand, whether this be true or not, may
be reassured that the necessary explanatory aids are present and
ready if they become needed.
2.

Since a larger percent of the lowest-ability students prefer

the annotated articles to the nonannotated ones when the Bottom
Ability Quarter is compared with the students as a whole, it seems
that annotated articles may be more likely to be read and used by
these students.
3.

Previous achievement in high-school biology, as

expected,

is strongly related to achievement in understanding both types of
articles.

This seems to indicate that the ability that leads to suc

cess in classroom science is similar to that which leads to success
in understanding the contents of the articles.
4.

Previous achievement in tenth-grade English, which presum

ably is related to a student's ability in reading, is strongly related
to success in understanding the articles for higher ability students,
but less strongly related for lower ability students.
5.

As would be expected, previous experience in reading articles

from Scientific American is related to success in understanding the
contents of both types of articles.

However, students who have read

only one or two articles from Scientific American do not have signifi
cantly higher (.05) scores than students who have never read articles
from Scientific American previous to this study.
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Recommendations

If one assumes that the reading of articles from Scientific Amer
ican by high-school students is a worthy goal of science education,
then in view of the conclusions:
a. Students are willing to read articles from
Scientific American, and
b. Students generally prefer reading specially
annotated articles to articles without annotation,
the investigator recommends that additional articles from various
areas of science, considered to be appropriate to student learning
in high school, be selected and annotated by procedures similar to
those used in this study.
In view of the apparent paradoxical findings that
a. Students, by a ratio of more than four-to-one,
prefer the annotated articles to the nonannotated
ones, yet
b. No significant difference was detected between
the achievement of students reading the annotated
articles and nonannotated ones,
the investigator makes the following recommendations:
First, an additional attempt should be made to determine if the
presence of annotations in science articles is related to gains in
student achievement not detected,by this study.

Additional investi

gation might include (1) measurement of gains in interest in science,
or gains in the knowledge, or use, of scientific method, or process,
(2)

measurement of attitudes toward science, scientists, or science

articles, or (3) re-measurement of student understanding of the con
tents of the articles, perhaps measured differently from the methods
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used in this study.
Second, an attempt should be made to determine more precisely
which elements need to be identified for annotating.
Third, an attempt should be made to determine the best format
and style for annotation.
Finally, the investigator recommends that in additional studies
of this nature the articles developed and used be more integrated
into the curriculum of the classes being tested.

In so doing, he

feels that the articles will be less threatening, more used, and
read more carefully.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDIX A
LETTERS SENT TO TEACHERS

141

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

W ES TER N M IC H IG A N

U N IV E R S IT Y

THE GRADUATE COLLEGE

CAN
49001

142

May 6, 1971

Dear (teacher's name):
Prior to my entering Western Michigan University to complete
a doctoral program, I was a teacher of high school chemistry.
During my work with students at the high-school level, it was ob
vious that supplementary readings in various areas of chemistry
attracted the interest of students.
However, most of the sup
plementary readings that were available, including those in
Scientific American, were frequently too difficult to understand,
and some explanation was needed in order to clarify the concepts
they contained. As a result, an instructor of biochemistry at
Western Michigan University and I prepared a set of supplementary
readings for high-school students in the area of biochemistry.
These readings consist of four articles selected from Scientific
American with page-by-page marginal annotations designed to ex
plain the concepts and terminology which seemed likely to cause
difficulty with the students.
Our preliminary efforts during the development of the materials
have indicated that students found the articles interesting and
useful. However, the population with which we dealt was too small
to draw definitive conclusions.
During the Fall Semester of the academic year 1971-72 we hope
to test these materials with groups of students enrolled in highschool chemistry who have also completed a year of biology.
The
testing of these materials will involve a maximum of two class
periods, probably three days apart. During the testing period the
students will read the annotated materials and report on their
reactions.
No preparation will be required of either the teacher
who participates in this study or his students.
Obviously, the information above is relatively sketchy and,
therefore, I would appreciate the opportunity of meeting with you
at your convenience in your school to discuss your possible interest
in participating in the evaluation.
Hopefully, this meeting may
be scheduled in May 1971.
It is obvious that without the help of
persons such as yourself, we cannot possibly make an adequate
evaluation of the effectiveness of these materials.
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I am enclosing a postcard on which you can indicate your
interest in having a conference with me which, of course, does
not assume an obligation on your part.
I hope we will be hearing
from you shortly. As a matter of courtesy, I am sending a copy
of this letter to the principal of your high school so that he is
aware of the communication that I have sent out.
If I receive
a positive answer, I will contact you by telephone to arrange a
meeting.
I hope we will have an opportunity to talk and work together
on this effort.

Enclosure
Office Phone:
Home Phone:

(616) 383-4994
(616) 349-6423
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THE GRADUATE COLLEGE

May 6, 1971

Dear (teacher's name):
I am writing this letter at the request, and in behalf, of
Mr. John A. Knapp II, who is currently undertaking research at
Western Michigan University concerning the use of annotated sup
plementary reading materials for students in high school science
courses. The letter from Mr. Knapp will explain the activity in
greater detail.
It is common knowledge that greater use is constantly being
made of supplementary reading materials in high school science
and in other areas. However, research on the effectiveness of
such materials is sparse.
I hope sincerely that you will be able to give strong con
sideration to assisting Mr. Knapp in carrying out the investigation.
The results, of course, will be made known to you when the data
are analyzed.
Very trul/V yours

Georef^G. Mallinson, Dean
GGM/bjs

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

APPENDIX B
ACTIVITIES OF THE TWO-DAY EXPERIMENTAL PERIOD

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

ACTIVITIES OF THE TWO-DAY
EXPERIMENTAL PERIOD

The First Day:

Monday (or Tuesday)

The investigator spent the first fifteen minutes introducing
himself to the class and describing certain aspects cf the study.
The students were told that the purpose of this study was to de
termine how much they could learn from reading certain articles from
Scientific American.

Although they would not receive a grade for

their efforts, they were to consider this study as a "regular part"
of their class activity.

All the teachers, had agreed previously

to consider this study "an important part" of the students' science
experiences, and to encourage their students to cooperate with the
aims of the experiment.
After the introduction each student received his packet of mater
ials.

The students were then given the following information verbally:
Each of you has an envelope containing two articles
from the Scientific American. Please put your name on
the label of your envelope. Also please record the
ten-digit number on your envelope on the sheet of
paper I will pass around.
Today you will spend the rest of this period reading
the two articles in your envelope. You will keep these
articles until Wednesday (or Thursday) when I will re
turn.
Some of you will find the articles quite unfamiliar
and difficult. Nonetheless, I expect each of you to
read them and understand them to the best of your
ability. You may spend as much time reading them as
you like, and you may take them home if your teacher
agrees. As you are only responsible for the contents
of the two articles you have, please do not read them
146
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together or discuss them in class.
When I return on Wednesday (or Thursday) I
will give you a brief quiz designed to measure
your understanding of the basic concepts in each
of your two articles.
For the remainder of the period the students began the reading
of the articles.

The Second Day:

On the second
received

Wednesday (or Thursday)

day, at the beginning of the period, each

student

two tests designed to measure understanding of thecontents

of the two articles he had received, two standardized answer sheets
designed to be scored by machine, and a copy of the Student Question
naire.

The students were then told that the tests would be "open-

book" variety and that they could use their two articles if they
needed them.

Students who failed to bring their articles to class

were provided with fresh articles.

The class was then arbitrarily

divided into two groups, one half on the left side of the room, the
other on the right.

One half was then instructed to take the tests

on the annotated articles first, and the other half those on the non
annotated articles first.

The students were told that when they fin

ished the first of their two tests they were not to begin the second
until the investigator so indicated, but that they could begin fill
ing out the Student Questionnaire.
The students were informed that each test was timed for twenty
minutes.

At a signal from the investigator, the students began the

appropriate tests.

After twenty minutes, the answer sheets were
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collected, and the students then began their second tests.

At the

end of the second twenty-minute period the investigator collected the
answer sheets.
The students were allowed to keep their Student Questionnaires
until the end of the class period.

At the end the investigator col

lected the Student Questionnaires and all other materials from the
students.
Before leaving the school on the second day the investigator col
lected the Student-Ability Classification Sheets from each partici
pating teacher.
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Reproduced with appropriate modifications
from Testing Services Utility Programs,
Western Michigan University,
Kalamazoo, Michigan 49001
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ILONG

(appendix b)

The purpose of this item analysis is to provide basic counts for test
question validation. Based on a student's score, he is assigned to
the Upper, Middle or Lower Group based on two "Cut-off" scores.
Minimum_score to be included in the Upper_group--Middle group
= X i (0.616 x p)
4 = X - (0.616Xp)
where X = Mean of all scores; p = Standard deviation of a*ll scores
The student's response to each question is them counted according to
his answer values-1, 2, 3, 4, 5, or BL(ank).
Referring to appendix
b, 115 students were in the upper group and only 82 in the lower;
this is not unusual since WMU test grades tend to provide skewed
"curves". The following is a frequently used procedure for evalua
tion of test questions.
Divide the responses into 4 categories based on upper and lower
groups, done by ignoring the students within .616 standard deviations
from the mean.
This is equivalent to isolating the upper and lower
27 percentiles where distribution is normal. Also, whether the respon
ses are correct or not.
(answer is at top)
Group 1. Upper group, right answer (94 students)
If less than 50% of the upper group answer correct
ly, the question may be too difficult.
Group 2. Upper group, wrong answers (115-94 = 21)
Refer back to the test question to analyze the
alternatives chosen.
If many BLank responses occur,
it may indicate an ambiguous rather than a diffi
cult question.
Group 3. Lower group, right answer (21 students)
Unless the question is intentionally easy, the
percent (25) of the lower group answering correctly
should be significantly less than the percent (82)
of the upper group answering correctly.
The dif
ference (57) is the index of discrimination.
Group 4. Lower group, wrong answers (82-21 = 61 students)
Note the very effective "distractor" choice, answer
1 where 35% of the lower group select a particular
wrong answer. Where there is a time limit on a
test and not all students have time to answer every
question, as the percent BLank in the lower group
nears 50%, response patterns often become meaning
less since some students may quickly fill out
answers to chance a few points.
Testing Services is prepared to assist faculty in evaluation of their
output in respect to the actual questions used.
If the available
system is not acceptable, Testing Services can assist in obtaining the
desired results from tests, questionnaires, and research data utilizing
specialized forms and programs not described herein.

■■mil

I

.
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RESPONSE TO ITEM 13
ON THE STUDENT QUESTIONNAIRE

Item 13 that appeared on the Student Questionnaire was as
follows:
13. What suggestions do you have for improving the
extra notes that were in the margins of one of your
articles?
(You may write on the back of this sheet
if you need space.)
In addition, all students were encouraged verbally by the investiga
tor to record any other responses they had to the articles, the
annotations, or the study.
Approximately one-half of the students responded to this item.
A classification of their open-ended responses appears in Table XXIII.
Students making more than one type of response are recorded more than
once in the table.

Nonspecific responses such as, "I liked the arti

cles" do not appear in the table.
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TABLE XXIII
CLASSIFICATION OF RESPONSES TO
ITEM 13 ON THE STUDENT QUESTIONNAIRE

Classification of Open-ended
Response

Number of Students
Responding

The notes, as they appeared in the articles,
were quite useful in understanding the con
tents of the articles.

95

Many of the notes were too difficult.

31

More notes should be included, or the notes
which appeared should be more detailed.

34

Fewer notes should be included, or the notes
which appeared should be less detailed.

21

Generally, the articles were too difficult.

12

The contents of the articles and/or the anno
tations were too boring.

6

"I spent too much time on the notes, and not
enough on the contents of the article."

5

"The notes interfere with my way of learning."

5

"I couldn't have understood the articles with
out the notes."
Other suggestions for improving the notes*

4
82

*This includes a wide variety of responses, many of which contradict
one another. Examples of responses in this classification are: (1)
The notes should be in red, or italicized.
(2) The notes should
appear within the body of the article, and not in the margin.
(3)
Equations and structural formulae should be (a) expanded, or explained
more fully, (b) deleted altogether.
(4) More pictures are needed.
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Examples of several student responses appear below:
". . . the notes added greatly to the understanding of the
article, and answered questions that arose, and gave greater
interest to the article."
"The
been

information given
sought had it not

. .1

in the notes probably would not have
been given in the article.

found it so frustrating that it was very

.

boring.. ."

"The notes were fine. I wish I had notes for the other
article."

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

BIBLIOGRAPHY

Baumel, Howard B . , "The Effects of a Method of Teaching
Secondary School Biology Which Involves the Critical Analysis of
Research Papers of Scientists on Selected Science Education Object
ives." Unpublished Doctor's dissertation, New York University,
New York, 1963.
Baumel, Howard B . , "Teaching from Research Papers."
Science Teacher. XXXII (April 1965), 29.

The

Brandwein, Paul F., Watson, Fletcher G. , and Blackwood, Paul
E . , Teaching High School Science: A Book of Methods. New York:
Harcourt, Brace & World, Inc., 1958.
Curtis, Francis D., A Digest of Investigations in the Teaching
of Science in the Elementary and Secondary School. Philadelphia:
P. Blakiston's Son & Co., 1926.
Ihde, Aaron J., "Learning the Scientific Method through the
Historical Approach." School Science and Mathematics, LIII
(November 1953), 638.
Noll, Victor H. (Chairman). Science Education in American
Schools: Forty-sixth Yearbook of the National Society for the Study
of Education, Part I. Chicago, Illinois: The University of Chicago
Press, 1947.
Princeton Bicentennial Conference on the Future of Nuclear
Science, Physical Science and Human Values. Princeton: Princeton
University Press, 1947.
Robinson, Jack H., "Effects of Teaching with Science Articles
in a College, Physical Science Course." Unpublished Doctor's dis
sertation, Harvard University, Cambridge, Massachusetts, 1960.
Robinson, Jack H . , "Effects of Teaching with Science Articles."
Science Education. XLVII (February 1963), 74.
Testing Services Utility Programs’, (mimeographed bulletin dis
tributed by the Western Michigan University Testing Service).
Williams, Monier, Indian Wisdom. Varanasi -1, India: The Chowkhamba Sanskrit Series Office, 1963, 1963.

155

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

